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PREFACE. 


This  book  has  been  prepared  with  a  view  of  bringing 
together  in  one  volume  the  data  essential  to  a  comprehensive 
knowledge  of  topographic  surveying.  It  has  been  my  aim 
to  cover  the  varied  phases  of  all  classes  of  surveys  which  are 
made  with  a  view  to  representing  on  maps  information  rela- 
tive to  the  features  of  the  earth's  surface.  The  methods 
elaborated  are  chiefly  those  which  have  been  developed  ia 
recent  years  by  the  great  government  surveying  organiza-^- 
tions  and  by  such  few  private  corporations  as  have  kept  in 
touch  with  the  most  modern  practice;  but  I  have  endeavored 
to  go  beyond  these,  and,  guided  by  personal  experience,  to 
adapt  them  to  the  most  detailed  topographic  as  well  as  to 
the  crudest  exploratory  surveys.  The  hope  is  entertained, 
therefore,  that  the  engineer  who  may  be  called  upon  to  con- 
duct an  exploratory  survey  in  an  unknown  region,  or  to  make 
a  detailed  topograph;*:  nia^>^s  a,preli7>Ti5>^ry  to  construction: 
will  find  herein  descriptions  aud  ex^nples  of  the  methods  he- 
should  employ,  the  essential  tabl^es^  .for  the  computation  of 
his  results,  and  hints  \vhi<;-b  will,.8^iii(ie  in  the  equipment  of  his 
party. 

I  have  sought  to  avoid  any  detailed  description  of  those  • 
instruments  or  methods  which  are  elal)orated  in  works  on 
general  surveying.       The  volume  is  devoted  practically  t<'> 
higher  surveying,  and   presupposes  a  knowledge  of  all   the 
more  elementary  branches.     At  the  same  time,  many  of  tho-. 
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subjects  treated  are  essentially  elementary,  and  these  are 
hriefly  described,  in  order  that  all  the  facts  which  the  topog- 
caplier  must  know  and  all  the  formulas  and  tables  which  he 
fnust  have  at  hand  in  the  field  may  be  brought  together.  An 
effort  has  been  made  to  present  the  subject  in  the  most  prac- 
ileal  form.  Accordingly,  care  has  been  taken  to  avoid  an 
elaboration  of  the  mathematical  processes  by  which  the  vari- 
ous formulas  have  been  derived,  as  they  are  to  be  found  in 
detail  in  several  well-known  treatises  to  which  textual  refer- 
ence is  made.  To  give  more  immediate  aid  to  the  working 
surveyor,  examples  of  the  various  computations  are  pre- 
sented, as  are  illustrations  of  the  instruments,  methods,  and 
resulting  maps  from  surveys  actually  executed. 

The  mode  of  presentation  is  not  that  usually  followed  in 
such  works.  Instead  of  describing  the  instruments  or  their 
iises  independently,  each  is  described  in  that  portion  of  the 
text  in  which  its  employment  in  field  surveying  is  most  prom- 
inently mentiuned.  The  tahle^i  are  nui  brought  together  at 
ihe  end  of  the  volume,  but  each  is  placed  in  that  portion  of  the 
llext  which  relates  to  its  use.  The  object  is  to  produce  a  handy 
reference-book  for  use  in  the  field,  as  well  as  a  text*book  for 
guidance  in  college  instruction*  It  is  believed  that,  by  this 
arrangements  if  a  topographer  in  the  midst  of  his  field-work  . 
desires  information  on  a  special  point,  it  can  be  found,  with^^ 
accompanving  examnlei^  pnd  tables,. 8:^tJi#red  together  in  one  " 
chapter  or  clearly  iilclk&leil  *h\  ^^^^-ji^eyences.  Again,  the 
method  uf  treatment  uswalj v  ifrtlovtfrf  in  works  of  this  class 
consists  in,  first,  a  descriptioH*W^Mi*e  astronomic  methods  on 
which  general  map  surT^ev^^iiAslIby-liisid,  and  then  a  descrip- 
tion of  primary  trianguTalloii  "as"  Vbasis  for  the  detailed 
topographic  surveys  which  are  finally  described.  I  have  re- 
versed this  order  and  have  adopted  the  more  natural  method 
of  commencing  with  the  simplest  operations  and  advancing 
gradually  towards  the  most  complex  an*l  refined.  Each  sul>- 
ject  is  treated  in  the  same  maimer.     It  is  believed  that  the 
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rk  has  thus  been  made  especially  useful  to  the  inexpert 

yrapher  and  the  student. 
The  volume  consists,  in  fact,  of  three  separate  books  or 
itises:  (i)  Topographic  Surveying,  (2)  Geodetic  Survey- 
ing, and  (3)  Practical  Astronomy.  The  first  has  been  sub- 
divided into  three  parts:  Plane  Surveying,  Hypsometric  Sur- 
ig,  and  Map  Construction;  and  these  are  preceded  by  a 
niinar)  characterization  of  the  relations  existing  between 
^pographic,  geographic, and  exploratory  surveys.  This  latter 
sttnction  is  essentially  arbitrary,  as  all  are  of  a  kind,  and 
Stfer  only  in  degree  of  detail  and  the  consequent  speed  and 
generalization  in  procuring  the  field  results.  The  general 
subject  of  Geodetic  Surveying  has  been  subdivided  into  Ter- 
sirial  Geodesy  and  Astronomic  Geodesy,  and  the  treatment 
ihc^e  differs  but  slightly  in  method  of  arrangement  from 
rihai  usually  pursued.  Part  VII  is  devoted  to  such  practical 
Its  as  it  is  believed  will  essentially  aid  those  who  have  the 
rganization  and  command  of  campinp^  parties. 

I  am  especially  indebted  to  the  courtesy  of  Professors 

O.  Baker,  J.  B.  Johnson,  and  John  F,  Hayford  for  the 

of  numerous  electrotypes  and  plates  from  their  well- 

lown  works  on  surveying  and  geodesy:   and  to  the  Secre- 

iry  of  the  American  Society  of  Civil  Engineers  for  electro- 

^pcs  of  illustrations  in  articles  by  me.    I  am  also  indebted  to 

lessm.  W.  &  L.  E,  Gurley,  Young  &  Sons,  and  G.  N.  Saeg- 

^Ciller  for  electrotypes  of  instruments  illustrated  in  their  cata- 

>gues.     I  have  used  freely  the  excellent  Manual  of  Topo- 

iphic  Methods  of  the  C.  S.  Geological  Survey,  written  by 

it.  Henry  Gannett :  in  a  few  instances  I  have  copied  verba- 

'rs  contained  therein,  and  I  desire  to  express  appre- 

-  courtesy,  and  of  that  of  the  Director  of  the  U.  S, 

jlogical  Survey  in  extending  this  privilege.    To  the  latter 

[am  al!4o  indebted  for  an  opportunity  to  procure  the  colored 

lustrations  published  herewith,  which  were  printed  from  the 

lirablc  copper-plates  of  the  U.  S.  Geological  Survey,    Spe- 
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cifications  and  several  illustrations  of  tents  and  other  camp 
equipage  were  obtained  through  the  courtesy  of  the  Quarter- 
master-General of  the  U.  S.  Army.  For  much  in  the  chapter 
on  Photography  I  am  indebted  to  Lieut.  Samuel  Reber's 
Manual  of  Photography  and  to  E.  Deville's  Photographic 
Surveying. 

Finally,  I  desire  to  express  appreciation  of  the  assistance 
I  have  received  in  editing  manuscript  and  proof  from  many 
coworkers  on  the  U.  S.  Geological  Survey,  more  particularly 
from  Messrs.  W.  J.  Peters,  S.  S.  Gannett,  and  E.  M.  Douglas 
on  the  subjects  of  geodesy  and  astronomy;  E.  C.  Barnard 
and  A.  H.  Thompson  on  topographic  surveying;  C.  Willard 
Hayes  and  G.  K.Gilbert  on  topographic  forms  and  definitions; 
N.  H.  Darton  on  photography;  and  to  Mr.  W.  Carvel  Hall 
for  assistance  in  reading  proof.  Two  lists  of  works  of  refer- 
ence are  published,  on  pages  490  and  809,  in  which  are  cited 
the  titles  of  all  those  works  to  which  the  reader  is  referred  for 
further  details.  From  nearly  all  of  these  some  example  or 
illustration  has  been  obtained. 

H.  M.  W. 
Washington,  D.  C,  Feb.  22,  1900. 
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In  preparing  this  second  edition  no  radical  changes  have 
been  made  in  any  chapter.  Numerous  minor  changes  and 
corrections  have  been  made,  however,  chiefly  in  the  nature  of 
citations  of  new  practices  or  correction  of  old.  This  is  par- 
ticularly true  of  the  subject  of  Projections,  which  is  bt-tler  illus- 
trated, that  of  Precise  Leveling,  and  the  bringing  up  to  dale  of 
tables  of  Polaris  Observations. 

H.  M.  W. 

Washington,  D.  C,  Feb.  20,  1905. 
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PART   I.. 

TOPOGRAPHIC,  GEOGRAPHIC,   AND  EXPLORATORY 
SURVEYING. 


CHAPTER  I. 

KINDS  OF  MAP  SURVEYS. 

I.  Classes  of  Surveys. — Surveys  may  be  grouped  under 
three  general  heads : 

1.  Those  made  for  general  purposes,  or  information  sur- 
veys. 

2.  Those  made  for  jurisdictional  purposes,  or  cadastral 
surveys. 

3.  Those  made  for  construction  purposes,  or  engineering 
sur\'eys. 

Information  surveys  may  be  exploratory,  geodetic,  geo- 
graphic, topographic,  geologic,  military,  agricultural,  forest, 
magnetic,  or  hydrographic.  Geodetic  surveys  are  executed 
for  the  purpose  of  determining  the  form  and  size  of  the 
earth.  They  do  not  necessarily  cover  the  entire  surface  of 
the  country,  but  only  connect  points  distant  from  each  other 
20  to  100  miles.  Topographic  and  geographic  surveys  are 
made  for  military,  industrial,  and  scientific  purposes.  To  be 
of  value  they  must  be  based  upon  trigonometric  surveys,  but 
not  necessarily  of  geodetic  accuracy. 

The  mother  mapy  or  that  from  which  all  others  are  derived, 
is  the  topographic  map.    This  is  made  from  nature  in  the  field 
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by  measures  and  sketches  on  the  ground.  I:  is  the  original  oi 
base  map  from  which  can  be  constructed  any  variety  of  maps 
for  the  -irving  of  separate  purposes.  The  historian  may 
desire  to  make  a  map  which  will  indicate  the  places  upon 
which  were  fought  great  battles,  or  on  which  are  located  the 
ancestral  estates  of  historic  families.  The  geologist  may 
desire  to  indicate  the  location  of  certain  rock  formations. 
The  promoter  of  railways  or  other  engineering  works  may 
desire  to  represent  the  route  of  his  projected  road  or  the 
location  of  city  water-supplies  or  real-estate  subdivisions.  For 
these  several  purposes  the  topographic  or  base  map  furnishes 
the  original  data,  or  foundation,  on  which  can  be  indicated,  in 
colors  or  otherwise,  any  special  class  of  information. 

Cadastral  sunns  define  political  and  private  property 
boundaries  and  determine  the  enclosed  areas.  Such  sur\'eys 
are  executed  for  fiscal  and  for  proprietary  purposes,  and  their 
value  depends  upon  the  degree  of  accuracy  with  which  they 
are  made.  A  cadastral  survey  is  not  necessarily  based  upon 
triangulation  and  may  be  only  crudely  e.xecuted  with  com- 
pass and  chain.  To  thoroughly  serve  its  purpose,  however, 
it  should  be  based  on  geodetic  work  of  the  greatest  refine- 
ment. It  does  not  necessarily  cover  the  entire  area  en- 
closed, but  only  points  and  lines  which  mark  the  boundaries. 

Engineering  surveys  are  executed  in  greater  detail  than 
any  of  the  above.  They  may  preferably  follow  some  of 
them  and  are  preliminary  to  the  construction  of  engineer- 
ing works.  They  are  conducted  with  such  detail  as  to  per- 
mit the  computing  of  quantities  of  materials  to  be  moved 
and  the  exact  location  of  the  various  elements  of  the  works 
which  are  to  be  constructed.  Engineering  surveys  may  be 
made  for  the  construction  and  improvement  of  military 
works,  as  forts,  navy  yards,  etc. ;  for  constructing  routes  of 
communication,  as  roads,  electric  lines,  canals;  for  reclama- 
tion of  land,  as  irrigation  and  swamp  surveys;  for  the  im- 
provement   of    natural   waterways,   as  river  and  harbor  sur- 
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vcy s ;  or  for  the  improvement  of  cities,  as  city  water-supply 
and  sewage  disposal. 

2.  Information  Surveys. — All  surveys  have  a  twofold 
purpose : 

1.  To  acquire  certain  information  relative  to  the  earth; 
and 

2.  To  spread  this  among  the  people. 

The  acquirement  of  the  information  is  the  field  survey. 
The  dissemination  may  be  in  the  form  of  text,  illustra- 
tions, or  sketch  maps,  as  in  the  case  of  exploratory  surveys; 
of  a  map  only,  as  in  the  case  of  topographic  surveys  when 
the  map  embodies  the  whole  result;  or  it  may  be  a  combina- 
tion of  the  two,  as  in  the  case  of  geographic  surveys. 

In  addition  to  the  above  primary  classes  of  information 
surveys  are  the  numerous  minor  differences  in  the  method  of 
field-work,  including  the  instruments  used,  the  degree  of  care 
in  obtaining  the  information,  and  the  mode  of  recording  the 
results  in  notes  or  maps.  The  instrumental  work  of  explora* 
tary  surveys  is  usually  of  the  crudest  and  most  haphazard 
kind,  the  observations  having  to  be  taken  and  the  notes  re- 
corded incidentally  and  by  such  means  and  at  such  time  as 
the  primary  necessities  of  the  expedition,  those  of  moving 
forward  over  the  route  traversed,  will  permit.  Moreover, 
from  the  necessity  of  the  circumstances  such  surveys  are 
rarely  homogeneous,  never  covering  completely  any  given 
area ;  else  they  would  cease  to  be  exploratory.  Being  dis- 
connected, they  are  fixed  from  time  to  time  with  relation  to 
the  earth  by  such  astronomic  observations  as  will  fre- 
quently check  the  interrupted  route  surveys  in  relation  one 
to  the  other. 

Topographic  and  geographic  surveys  differ  essentially 
from  exploratory  surveys,  but  from  each  other  only  in  minor 
details  of  scale,  degree  of  representation  of  relief,  and  the 
note  taken  of  the  sphericity  of  the  earth.  Topographic  sur- 
veys are  generally  executed  on  so  large  a  scale  and  with  such 
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care  and  detail  that  account  need  rarely  be  taken  of  the 
sphericity  of  the  earth  in  plotting  the  resulting  map,  and  they 
are  therefore  based  on  geodetic  data  only  as  they  merge  into 
geographic  surveys.  Moreo\*er,  all  important  natural  and 
artificial  features  may  be  represented  on  the  resulting  map 
because  of  its  large  scale. 

Geographic  j«rrr/^  merge  imperceptibly,  on  the  one  hand, 
into  topographic  surveys,  as  the  scale  of  the  latter  becomes 
so  small  and  the  area  depicted  on  a  given  map  sheet  so  large 
that  the  shape  of  the  earth  must  be  considered.  On  the 
ether  hand,  they  may  be  plotted  on  so  small  a  scale  and  the 
relief  be  depicted  by  such  approximate  methods  that  they 
merge  imperceptibly  into  exploratory  surveys,  being  practi- 
cally of  the  same  nature  as  the  latter  excepting  that  they 
cover  a  given  area  in  its  entirety. 

3.  Topographic  Surveys. — A  topographic  map  is  one 
Avhich  shows  with  practical  accuracy  all  the  drainage,  culture, 
and  relief  features  which  the  scale  of  representation  will  per- 
mit. Such  scale  may  be  so  large  and  the  area  represented 
on  a  given  map  sheet  be  so  small  that  the  control  for  the 
6eld  surveys  will  be  procured  by  means  of  plane  and  not  of 
geodetic  surveying.  On  the  other  hand,  the  scale  may  be  so 
small  and  the  area  represented  on  the  given  map  sheet  so 
large  as  to  require  control  by  geodetic  methods. 

The  mistake  is  often  made  of  assuming  that  a  topographic 
map  is  special  and  not  general.  It  is  general,  as  it  is  not 
made  for  the  purpose  of  constructing  roads  and  highways, 
though  it  becomes  a  very  valuable  aid  In  their  projection; 
nor  is  it  made  for  the  purposes  of  reclaiming  swamp-land  or 
irrigating  arid  land,  but  it  furnishes  general  information 
essential  to  a  preliminar>'  study  and  plan  for  their  Improve- 
ment. The  outcome  of  a  topographic  survey  being  a  topo* 
graphic  map,  it  should  be  judged  by  the  map,  and  the  map 
should  be  judged  by  the  manner  in  which  it  serves  the  geti> 
cral  purpose.     Above  all»  of  two  maps  or  works  of  any  kind 
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made  for  the  same  purpose  and  serving  that  purpose  equally* 
well,  that  the  cheaper  one  is  the  better  is  a  well-recognized 
principle  of  engineering. 

In  the  prosecution  of  a  general  topographic  survey  only 
such  primary  points  should  be  determined  geodetically  as  are 
essential  to  the  making  of  the  map.  About  one  such  point 
per  one  hundred  square  miles  is  a  fair  average  for  a  one-mile  to 
one-inch  map.  Such  spirit-level  bench-marks  should  be  set 
and  recorded  as  are  obtained  in  carrying  bases  for  levels  over 
the  area  under  survey.  On  the  above  scale  about  one  bench 
to  five  square  miles  is  a  fair  average. 

4.  Features  Shown  on  Topographic  Maps. — The  fea- 
tures exhibited  on  topographic  maps  may  be  conveniently 
grouped  under  the  three  following  heads : 

1.  The  hydrography,  or  water  features,  as  ponds,  streams^ 
lakes. 

2.  The  hypsography,  or  relief  of  surface  forms,  as  hills» 
valleys,  plains. 

3.  The  culture,  or  features  constructed  by  man,  as  cities^ 
roads,  villages,  and  the  names  printed  upon  the  map. 

In  order  that  these  various  features  may  be  readily  dis* 
tinguishable  and  thus  give  legibility  to  the  map,  it  is  usual  to 
represent  the  hydrography  in  blue,  the  relief  in  brown,  and 
the  culture  in  black.  In  addition  to  this,  wooded  areas  may 
be  indicated  in  a  green  tint. 

The  object  of  a  topographic  survey  is  the  production  of  a 
topographic  map.  Hence  the  aim  of  the  survey  should  be  ta 
produce  only  the  map ;  neither  time  nor  money  should  be 
wastefully  expended  in  the  erection  or  refined  location  of 
monuments;  the  demarkation  of  public  or  private  boundary 
lines;  or  the  establishment  of  bench-marks  beyond  such  as 
are  incidental  to  the  work  of  obtaining  field  data  from  which  to 
make  the  map.  The  erection,  location,  and  description  of 
boundary  marks  is  the  special  work  of  a  property  or  cadastral 
survey.      The   erection,    description,    and    determination    of 
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monuments  and  bench-marks  as  primary  reference  points  is 
the  work  of  a  geodetic  surve3\  The  determination  of  many 
unmarked  stations  for  map-making  purposes  is  the  work  of  a 
topogra^phic  survey. 

5.  Public  Uses  of  Topographic  Maps. — For  the  purposes 
of  the  Government  or  State  good  topographic  maps  are  in- 
valuable. They  furnish  the  data  from  which  the  congressman 
or  the  legislator  can  intelligently  discover  most  of  the  informa- 
tion bearing  directly  upon  the  problem  in  hand,  and  they  give 
committees  great  assistance  in  their  decisions  as  to  the  need 
of  legislation.  If  a  River  and  Harbor  bill  is  before  Congress, 
or  a  bill  relating  to  State  Canals  before  the  Legislature,  by  an 
inspection  of  such  maps  the  slopes  of  the  country  through 
which  the  canal  is  to  pass  or  in  which  the  improvements  are  to  be 
made  may  be  readily  ascertained.  The  sources  of  water-supply 
for  a  canal  or  river  may  be  accurately  measured  on  such  a  map 
and  their  relation  to  the  work  in  hand  intelligently  ascertained. 

If  the  War  Department  of  the  Government  or  the  Adjutant- 
General's  Office  of  the  State  desires  to  locate  an  arsenal,  en- 
campment ground,  or  other  military  work,  or,  above  all,  if  it 
is  to  conduct  active  military  operations  in  the  field,  such  maps 
serve  all  the  preliminary  purposes  of  the  best  military'  maps. 
With  the  addition  of  but  little  field-work  in  war  times,  as  the 
indication  of  ditches,  fence  lines,  outbuildings,  etc.,  on  the 
mother  or  topographic  map,  a  perfect  military  map  may  be 
obtained. 

I'or  the  Post-office  Department  or  private  stage,  express, 
or  telephone  companies,  such  maps  furnish  the  basis  on  which 
an  accurate  undeistamling  can  be  had  of  contracts  submitted 
for  rural  or  other  routes  for  carrying  the  mails  or  packages. 
As  these  maps  show  the  unilulations  of  the  surfaces  over 
which  roads  pass,  tlicir  beiuls  and  the  relative  differences  in 
length,  the  difficulties  in  travel  on  competing  roads  can  be 
readily  ascertained  from  them. 

The  Land  Departments  of  the  Government  and  State  can 
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discover  on  such  maps  not  only  the  outlines  of  the  property 
under  their  jurisdiction,  but  its  surface  formation.  Forestry 
Boards  can  see  upon  these  maps  the  outlines  of  the  wooded 
areas,  the  slopes  ol  the  lands  on  which  these  woods  are  situated , 
their  relation  to  highways  of  transportation,  railways,  or  streams, 
and  the  slopes  to  be  encountered  in  passing  through  the  woods. 
The  Legal  department  of  the  Government  or  State  finds 
these  maps  of  service  in  discussing  political  or  property 
boundary  lines,  in  ascertaining  within  what  political  division 
crimes  are  committed,  or  individuals  reside  with  whom  the 
officers  of  the  law  desire  to  communicate. 

It  is  difficult  to  see  how  any  systematic  or  economical 
plan  of  road  impro^ccment  can  be  advantageously  made  without 
the  knowledge  of  existing  grades,  the  physiography  of  the 
district  through  which  the  roads  pass,  and  the  location  of 
quarries,  which  such  maps  present.  They  furnish  nearly  all 
the  data  necessary  to  a  road  map  for  automobile  touring. 

The  whole  system  of  making  successive  special  surveys  or 
naps  for  every  new  need  is  one  of  the  most  wasteful  in  our 
present  public  practice,  nor  can  it  be  otherwise  until  one  survey 
shall  be  made  that  answers  all  important  official  uses.  The 
amount  of  money  that  has  been  expended  in  making  small 
maps  of  numerous  cities  and  villages  would  have  mapped,  on 
a  general  scale,  many  times  the  area  of  the  country.  Even 
when  we  have  these,  special  maps  they  do  not  fully  answer  the 
purpose  for  which  they  were  intended,  as  they  only  show  the 
small  area  included  within  the  immediate  plan  of  operations. 
The  value  of  a  stream  for  economic  purposes  cannot  be  fully 
ascertained  by  an  examination  of  the  stream  at  the  point  from 
which  it  is  to  be  used,  but  the  drainage  basin  from  which  it 
derives  its  supply  should  be  surveyed,  and  its  area  and  slopes 
be  known.  A  good  topographic  map  not  only  shows  the  re- 
lations between  the  natural  and  artificial  features  in  the  im- 
mediate neighborhood  under  consideration,  but  it  shows  the 
relations  of  these  to  the  surrounding  country. 
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6.  Degree  of  Accuracy  Desirable  io  Topographic  Sur- 
veys.—It  is  difficult  to  set  any  standard  for  the  amount  of  de- 
tail which  the  topographer  must  sketch  on  his  map,  or  the 
amount  of  control  which  must  be  obtained  for  the  checking 
of  tjiis  detail.  A  topographic  map  may  be  so  made  as  to  serve 
many  useful  purposes  and  yet  be  almost  wholly  a  sketch, 
scarcely  controlled  by  mathematical  locations.  The  same 
territory  may  be  mapped  on  the  same  scale  with  little  improve- 
ment in  the  quality  of  representation  of  topographic  form  and 
yet  the  work  be  done  with  such  detail  and  accuracy  and  such 
amount  of  control  as  to  make  it  useful  for  all  practical  pur- 
poses to  which  its  scale  adapts  it. 

With  these  facts  clearly  in  view»  it  is  evident  that  explicit 
instructwns  to  the  topographer  are  a  practical  necessity*  Un- 
like any  other  surveyor  the  topographer  must  use  his  own 
judgment  or  be  guided  by  instructions  regarding  the  amount 
of  time  and  money  to  be  spent  in  obtaining  detail  and  control, 
since  the  latitude  permissible  in  mapping  the  same  territory 
on  the  same  scale  varies  greatly  according  to  the  uses  to 
which  the  map  is  to  be  put.  Such  instructions  should  in- 
terpret the  significance  of  scale  and  contour  interval,  and 
should  cover  the  technical  details  of  operations  as  found  ap- 
plicable to  conditions  and  locality  (Art.  7).  They  should 
also  fix  the  method  of  making  and  preserving  field-notes. 
There  are  a  variety  of  methods  of  survey,  of  instruments,  and 
bf  records  which  are  generally  applicable  to  any  case,  yet  t^ 
the  expert  topographer  there  is  practically  only  one  best  way 
for  each,  and  this  can  be  decided  only  after  he  has  inspected 
the  country  or  has  otherwise  acquired  knowledge  of  its 
characteristics,  • 

The  scale  and  mode  of  expressing  relief  (Art.  191)  must 
be  fixed  as  well  as  the  contour  interval,  if  contours  are  em- 
ployed, in  order  that  all  the  data  necessary'  for  the  construe- 
tion  of  the  map  on  this  scale  may  be  obtained.  The  methods 
and  instruments  should  be  stated  in  order  that  those   best 
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siutetl  to  the   conditions  may  be  selected  in  the  beginning. 
The  mode  of  record  should  be  fixed  in  order  that  there  may 
be  uniformity  in  the  results  brought  into  the  office,  provided 
l^e  are   various  topographers  working    on  the  same  area, 
idi  instructions  are  to  the  topographer  what  specifications 
to  the  contractor,  yet  they  cannot  quite  carry  the  force 
law   because  of  the  unforeseen  exigencies  which  may  arise 
and   which  require  departure  from   fixed  instructions  in  ac- 
cordance with  the  best  judgment  of  the  topographer. 

In  topographic  mapping  it  is  sometimes  desirable  to  make 
\y  frtliminary  or  nconnaissattce  maps  of  a  region  in  order 
that  some  information  of  the  area  may  be  immediately  ob- 
tined.     Such  maps  are  practically  sketches  covering  an  ex- 
sivc  area  and  without  adequate  framework  of  control,  yet 
they  contain  most  of  the  information  required  in  the  early  de* 
vclopmcnt  of  the  region.     The  error  has  too  frequently  been 
made  of  giving  such  maps  the  ear-marks  of  accuracy  by  rep- 
resenting the  relief  by  numbered  contours.      In  this  they  are 
mi^eading.     Contours  indicate  precision  and  should  justly  be 
taken  as  accurate  within  the  Hmtts  of  the  map  scale.     As  has 
been  aptly  stated  by  Mr.  J.  L.  Van  Ornum,  **  accuracy  is  ex- 
pected where  exactitude  is  shown,  and   the  conclusion  is  just 
that   inaccuracy  in   representation   is  inexcusable,"      Where 

Eany  reason  the  desired  accuracy  cannot  be  attained  for 
c  of  the  proper  control,  the  resulting  map  is  merely  a 
tch-map,  and  relief  should  be  indicated  not  by  contours  but 
by  hachures  or  by  sketched  contours;  that  is,  lines  in  contour 
form,  but  disconnected  and  unnumbered*  Such  sketch*maps 
arc  useful  as  representations  of  topographic  form,  but  are 
valueless  as  base-maps  on  which  to  plan  great  public  improve- 
ments, the  inception  of  which  is  so  closely  connected  with 
topographic  surveys. 

A   topographic  map  well  executed  is,   to   quote  Captain 

George  M.  Wheeler,    **the  indispensable,  all-important  sur- 

\  being  general  and  not  special  in  character,  which  under- 
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lies  every  other,  including  also  the  graphic  basis  of  the  eco- 
nomic and  scientific  examination  of  the  country.  This  has 
been  the  main  or  principal  general  survey  in  all  civilized  coun- 
tries. The  results  of  such  a  survey  become  the  mother  source 
or  map  whence  all  other  fiscal  examinations  may  draw  their 
graphic  sustenance.**  Such  a  characterization  of  a  topographic 
survey  can  apply  only  to  one  accurately  made  and  on  which 
every  feature  represented  is  as  accurately  shown  as  the  scale  of 
map  warrants. 

In  pianning  a  topographic  survey  the  controlling  factor  of 
the  scale  must  always  be  kept  clearly  in  mind,  as  this  is  the  ul- 
timate criterion  which  decides  the  method  of  survey  and  the 
amount  of  time  and  money  to  be  expended  in  its  execution. 
The  underlying  law  of  topographic  mapping  is  that  applied  to 
other  engineering  works,  namely,  no  part  of  the  construction, 
nor  any  part  of  the  survey,  should  be  executed  with  greater 
detail  or  at  greater  expense  than  will  permit  it  to  safely  per- 
form the  duties  for  which  it  is  intended.  Thus,  in  mapping 
an  extended  area,  traverse  methods  alone  for  horizontal  i:on^ 
trol  are  insufficient  unless  performed  with  the  greatest  exacti- 
tude. The  primary  triangulation  on  which  such  a  survey  is 
based  should  be  no  more  accurate  than  will  permit  of  plotting 
the  points  with  such  precision  that  they  sliall  not  be  in  error 
by  a  hair*s  breadth  at  the  extreme  limit  to  which  the  triangu- 
lation is  extended.  The  secondary  triangulation  should  be 
executed  with  only  such  care  as  will  permit  of  plotting  with» 
out  perceptible  error  on  the  scale  selected  and  within  the  lir 
its  controlled  by  the  nearest  primary  triangulation  points.  Sir 
pier  methods  of  securing  horizontal  control  may  be  adopt* 
for  the  minor  points  within  the  secondary  triangulation,  and 
these  methods,  be  they  by  plane-table  triangulation  (Chap, 
IX)  or  by  traverse  (Chap.  X),  need  be  nothing  better  than 
will  assure  the  plotting  of  the  result  without  perceptible  error 
and  within  distances  controlled  by  the  nearest  secondary  trh 
angulation  points.     Finally,  minor  details  may  be  obtained  bj 
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crudest  methods  of  traverse,  range-finding,  pacing,  or 
iTclch-board  (Arts.  8i,  ii6,  95,  and  61).  providing  that  the 
Itstances  on  the  map  over  which  such  methods  are  propagated 
tiall  be  so  small  as  to  warrant  their  not  being  perceptibly 
error  within  the  limits  of  the  controlling  points  of  the  next 
^igher  order. 

As  with  the  horizontal  control  so  with  the  i^ertical  control, 

more  time   should    be   expended    or  precision  attempted 

determining  elevations  than  are  necessary'   to   obtain    the 

lata  essential  to  the  mapping  of  the  relief  accurately  to  the 

Ic  limit.     Where  relief  is  to  be  represented  by  contours  of 

small  interv^al  and  on  a  large  scale,  or  where  the  slopes  of 

Ihc  ctiuntr^' arc  gently  undulating  or  comparatively  levcU  the 

leveling  must  be  of  a  high  order  that  the  contours  may  be  ac- 

jrately  placed  in  plan.      In   country  having  slopes  as  gentle 

5   to   10    feet  to  the  mile,    a  difference   of  a  few  feet  in 

ic\*alion  may  mean   a   mile   in  error  in  the  horizontal  loca- 

ion    of    the    contour    if   the  elevations  are    not  determined 

rith  accuracj'.     On  the  other  hand*  in  precipitous  mountain 

"country  much  less  care  is  necessar\*  iti  the  quality  of  the  level- 

»g,  since  a  large  error  in  vertical  elevation  may  be  represented 

plotting  by  the  merest  fraction  in  horizontal  plan.     For  a 

contour  interval   in   country  of  moderate  slopes  less  ac- 

jracy  is  essential    in    the    determination    of    the    elevation. 

^or  contours  of  20  feet   interval   errors   of  elevation  varying 

5  to  20  feet  or  more  may  be  made,  depending  upon  the 

tecpncss  of  the  slope  and  the  consequent  nearness  in    hori- 

anlal    plan    of  one  contour  to  the    next.     The    same    ratio 

pppUes  to  greater  contour  intervals.      Therefore  the  methods 

Diirsucd  in  determining  the  elevations  should  begin   with  a 

fcful     framework    of    spirit-leveling    (Art,     129),    and    the 

dount  of  this  should  be  only  so  great  as  to  insure  that  the 

[dependent  levels  of  less  accuracy  shall  not  be  so  far  \\\  error 

Ktobc  appreciable  for  the  scale  and  contour  interval  selected 

and  for  a  given  slope  of  country'.      Based  on  these  spirit*levels 
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rougher  elcvatiofis  by  vertical  angulation  with  stadia  (Art. 
I02)  or  by  trigonocnetnc  methods  (Art,  1 59)  may  be  employed, 
and  tied  in  between  these  maybe  elevations  by  aneroid  (Art, 
174),  the  latter  being  checked  at  intervals  sufficiently  frequent 
to  assure  that  the  resulting  elevations  shall  not  introduce  ap- 
preciable errors  in  the  location  of  contours. 

The  same  rules  should  apply  to  the  frequency  with  which 
vertical  control  points  are  determined.     These  should   be  so 
close  together  for  the  scale  of  the  map  and  for  the  contour 
inter\^    selected    that  in  connecting    them    by    eye    in    the 
course  of  the    sketching    no  error  appreciable  on   the  scale 
shall  be  introduced.     Any  map,  the  best  obtainable,  is  but  a 
sketch  controlled  by  locations.     No  one  would  undertake  to 
determine  the  elevation  and  horizontal  plan  of  cver>^  point  on 
a  contour  line.     Control  positions  on  contours  are  only  deter- 
mined with  sufficient  frequency  to  insure  comparative  accu- 
racy in  connecting  them*      Bearing  on  this  same  point  is  the 
fact  that  such  connection  by  sketching  can  undoubtedly  be 
done  with  greater  accurac>*  on  the  plane-table  board  with  the 
terrane  in  view  than  from  notes  platted  up  in  office  or  from 
photographs  or  profile  drawings. 

Where  relief  is  to  be  represented  by  hachures  or  broken 
sketch  contours,  precision  in  absolutely  fixing  the  vertical  elc* 
ment  is  of  the  least  moment.  It  is  generally  desirable  in 
making  such  maps  to  write  approximate  altitudes  at  promi- 
nent points,  as  stream  junctions,  villages,  or  mountain  sum- 
mits, but  the  chief  desideratum  is  relative  differences  in  eleva- 
tion in  order  that  the  number  of  the  sketched  contours  and 
their  frequency,  or  the  degree  of  density  of  the  hachuring, 
may  give  an  index  to  the  amount  of  relief. 

7,  Instructions  Relative  to  Topographic  Field-work- 
— ^Thc  following  instructions  are  those  issued  by  the  Director 
of  the  United  States  Geological  Survey  for  the  guidance  of 
topographers  in  the  field: 

I,  At  least  two  primary'  triangulalion  points  or  a  primary  control  Tine 
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I  .y  primary  triangulation  points  and  primary  control  lines  should 
vat  fditled  on  each  atlas  sheet  previous  to  commencing  field-work* 
'  2,  AO  existing  map  material  should  be  diligently  sought  for;  such  of 
this  li  may  be  of  value^  as  public-land  plats,  railroad,  water-supply,  dty, 
tout  Sunry,  Army  Engineer,  or  other  public  or  private  material,  should  be 
oicftillT  compiled.  If  qj\  field  inspection  this  proves  adequate,  ii  should  be 
bfottglit  up  lo  dale  and  incorpomled  in  tlie  field  sheets. 

\  On  each  atlas  sheet,  in  addition  to  primary  levels,  such  other  eleva- 
rkiM  should  be  obtained  instruroentaily  that  aneroids  when  used  need  never 
bt  Wl  without  a  check  ele\'ation  for  distances  exceeding  aj  to  3  miles.  These 
coDtrol  ele^'aUons  may  come  from  profiles  of  railroads,  from  spirit-levels 
or  fnxn  ^lertical  angulation. 

4  PUne-tabte  triangulation  must  be  conducted  on  the  large  sheets, 
tod  11  is  desired  that  as  fast  a>  intersections  are  obtained  by  the  topog- 
nphcr  the  vertical  heights  of  stations  and  intersected  points  should  be 
oxnputcd. 
5.  In  conducting  plane-table  triangulation,  as  many  prominent  features 
I  is  possible,  including  hilltops,  churches,  and  houses,  should  be  intersected 
in  otttr  to  furnish  connections  with  the  traverse  work,  while  gaps  or  passes 
*nd  stiicnts  on  ridges  should  also  have  their  positions  and  elevations  deter- 
mined from  the  plane-iable  stations. 

Secondary   topographic  control  must   pnecede  topt>graphic  sketching 
Ifte  filling  in  of  minor  details  of  the  map. 

Field  sheets  must  be  as  few  in  number  and  as  large  as  the  character 

''^  tilt  topography  will  permit,  and  all  main  control  must  be  adjusted  thereon; 

tluv  lo  bt  done  before  the  filling  in  of  minor  detailed  sketching  is  commenced. 

I  T^  minor  detaib  may  l>e  obtained  by  traverse  on  separate  sheets,  but 

^•tt«  u  i)noe  be  transferred  to  and  adjusted  on  main  field  sheets,  so  that  no 

hmampieted  spaces  shall  be  left  on  them  in  the  field. 

8  The  stage  of  water  in  rivers  lo  be  shown  on  the  topographic  maps  is 
itobetlist  which  exists  during  the  greater  portion  of  the  year  and  represents 
f  WQornial  condition  of  the  stream.     When  any  other  condition  is  represented 
explanatory  note    giving   stage    and    date    should  be    inserted    in    the 

9>  The  topographer  in  charge  will  be  held  responsible  not  only  for  the 

l^tnljty  of  the  topographic  work  but  also  for  the  quality  and  management 

I**  file  ^pirii  leveling  done  under  his  direction,  and  for  the  hxation  and  mark- 

I  ^H^A  the  bench  marks,  each  of  which  he  should  endeavor  to  examine  person- 

[**?'   Standard  bench  mark^  should  be  indicated  on  field  sheet. 

'0^  Only  so  much  of  the  field  sheets  should  be  inked  in  the  field  as  can 

*>p  with  suffidenl  care  lo  permit  of  their  being  accepted  as  final  draw- 

|lhd  ol  their  being  directly  p>hotographed  or  phototiihographed  (except 

lind^urvey  plats  arc  used  as  field  sheets)*     Accordingly,  only  such 
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inks  should  be  used  as  will  photograph  readily— mixed  burnt  sienna  for 
contours,  bbck  for  ctilture,  anfl  mixed  Prussian  blue  for  drainage. 

11.  A  full  RTorrl  must  be  made  on  the  utlc-fiage  of  each  notebook,  stating 
character  of  work,  kicalily,  atlas  sheet,  and  date  of  record;  also  name  of 
topographer  and  maker  of  noles. 

12.  Flats,  on  a  large  scale,  should  be  made  ur  obtained  of  alt  large 
rkies,  showing  the  streets  and  houses  in  detail 

13.  The  determination  and  spellinjr  of  names  of  streams,  mountain  peaks, 
WUages,  and  other  places  of  note  should  receive  {xirticuhir  attention. 

14.  Plane-table  stations  must  be  numbered  consecutively  with  Roman 
numerals.  If  the  station  has  been  sighted  before  occupation,  the  station 
numtx^r  must  l>e  followed  by  the  numlxT  of  the  sight  to  it.  Sights  or  jx)ints 
must  lie  numlx'red  by  Arabic  numerals  consecuti\Tly;  and  a  point  once 
numl)ert'd  must  always  Ix?  given  the  same  number  whenever  recognized* 
If  the  (KJints  sighted  exceed  one  thousand  in  number,  a  capital  M  shall  l>e 
written  at  the  head  of  the  numlx^r  column  of  the  notebook.  Tliis  rule  must 
be  followed  by  all  membcTs  of  ihe  tojxigraphic  branch, 

15.  The  standard  conventional  signs  must  be  used  on  all  plane-lable  and 
traverse  sheets. 

16.  The  sheets  must  be  inked  clearly  and  carefulty,  with  uniformity 
throughout,  and  in  such  manner  as  to  adajrt  them  for  one-third  reduction  to 
publication  scale.  Only  such  ink  should  be  used  as  will  photograph  readily. 
(See  par.  10,  al>ove.)  Culture  should  be  inked  first,  and  standard  conven* 
tional  signs  used. 

17.  In  drawing  streams  care  should  be  taken  that  the  lines  shall  not 
become  faint  and  uncertain  near  the  sources  of  the  streams,  and  the  placing 
of  drainage  in  ever)-  little  gully  simply  to  indicate  that  it  may  be  a  water- 
course should  be  avoided.  Use  the  symbol  dash  and  three  dots  for  intermittent 
streams. 

18.  In  lettering,  names  parallel  to  the  east  or  west  sides  of  the  sheet  should 
read  from  the  south  side.  Names  of  minor  importance  and  figures  of  eleva- 
tion should  be  placed  close  to  the  object,  on  the  right  and  horizontally.  The 
lettei^,  figures,  and  cross  pertaining  to  a  Ijench  mark  should  be  aminged 
with  the  letters  alxjve  and  to  the  left  of  the  cross,  and  ibe  figures  bebw  and 
to  the  right, 

19.  The  original  drawing  of  a  topjographic  sheet  shall  Ik?  verified  by 
some  comfjctenl  jK'rson  in  addition  to  the  topographer  who  compiles  it, 
by  comjMrison  with  field  sheets,  and  such  ** proof-reading^*  shall  be  lecorded 
on  the  appropriate  form. 

8,  Elements  of  a  Topographic  Survey. — From  a  con- 
structive point  of  \'iew  a  map  is  a  sketch  corrected  by  loca- 
tions.    The  making  of  locations  is  geometric,  that  of  sketch- 
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ing  is  artistic*     However  numerous  may  be  the  locations  they 
fcnn  no  part  of  the  map  itself,  serving  merely  to  correct  the 
ttch  which  supphes  the  material  of  the  map.      Every  map, 
VhulcvcT  its  scale,    is  a   reduction    from   nature    and   conse- 
quently must  be  more  or  less  generalized.      It  is  therefore  im- 
(ossiblc  that  any  map  can  be  an  accurate,  faithful  picture  of 
thccountr)''  it  represents-      The  smaller  the  scale  the  greater 
the  degree  of  generalization  and  the  farther  must  the  map  de- 
ft from  the  original.     The  larger  the  scale  the  smaller  the 
a  brought  together  on  a  given  map,  and  the  less  it  appeals 
the  eye  which  grasps  so  extended  a  view  of  nature.      There 
,  however,  for  the  purposes  of  making  information  maps,  a 
!c  which  is  best  suited  to  every  class  of  topography,  and 
te  best  result  only  will  be  obtained  by  selecting  the  relation 
horijtontai  scale  and  contour  interval  which  fits  the  panic- 
ir  topography  mapped. 

By  far  the  most  important  work  of  topographic  mapping 
the  ^yfr/rAiWjf  (Arts.  13,  15,  17,  and  193),  and  this  should 
done  by  the  most  competent  man  in  the  party — presum- 
►ly  its  chief.  He  should  not  only  sketch  the  topography 
cause  of  his  superior  qualifications  for  that  work»  but  also 
:causc  the  parly  chief  is  responsible  for  the  quality  of  all  the 
'ork»and  only  in  the  sketching,  which  is  the  last  act  in  map- 
making,  has  he  full  opportunity  for  examining  the  quality  of 

*  control  and  of  the  other  elements  of   the  work  executed 
his  subordinates.   The  map-sketcher  is  therefore  the  topog- 
rapher, and  it  is  in  the  matter  of  generalization  or  in   the  se- 

fon  of  scale  and  the  amount  of  detail  which  should  be 
^^^^  for  the  scale  selected  that  the  judgment  of  the  topog* 
^Wis  most  severely  tested.  This  is  the  work  in  which  the 
*test  degree  of  proficiency  can  only  be  attained  after  years 
experience.  The  topographer  must  be  able  to  take  a  broad 
^cll  as  a  detailed  view  of  the  country,  and  to  understand 

*  meaning  of  its  broadest  features  that  he  may  be  able  best 
^^inicq>ret  details  in  the  light  of  those  features  (Chap.  VI). 
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It  is  only  thus  that  he  can  make  correct  generalizations,  and 

thus  that  he  is  enabled  to  decide  which  detail  should  be 
omitted  and  which  preserved  in  order  to  bring  out  the  pre- 
dominant topographic  features  of  the  region  mapped. 

The  correctness  of  the  nmp  depends  upon  : 

(i)  The  accuracy  of  the  locations; 

(2)  Their  number  per  square  inch  of  map; 

(3)  Their  distribution; 

(4)  The  quality  of  the  sketching. 
The  first  three  of  these   elements  defines  the  accuracy  of 

the  map*  and  the  greatest  accuracy  is  not  always  desirable  be- 
cause it  is  not  always  economical.  The  highest  economy  is 
in  the  proper  subordination  of  means  to  ends,  therefore  the 
quality  of  the  work  should  be  only  such  as  to  insure  against 
errors  of  sufficient  magnitude  to  appear  upon  the  scale  of 
publication  (Art*  6).  The  above  being  recognized,  it  is  evi 
dently  poor  economy  to  execute  triangulation  of  geodetic  re 
finement  for  the  control  of  small-scale  maps,  and,  providin 
the  errors  of  triangulation  are  not  such  as  are  cumulative,  th 
maximum  allowable  error  of  location  of  a  point  on  which  no 
further  work  depends  may  be  set  at  .01  of  an  inch  on  the 
scale  of  publication. 

The  second  condition,  the  number  of  locations  for  the 
proper  control  of  the  sketching,  is  not  easily  defined.  It  de- 
pends largely  upon  the  character  of  the  country  and  the  scale 
and  uses  of  the  map.  Any  estimate  of  it  must  be  based  on 
unit  of  mapped  surface  and  not  of  land  area.  For  rolling  or 
mountainous  country  of  uniform  slopes  or  large  features  (Fig. 
4),  from  li  to  3  locations  and  2  to  5  inches  of  traverse  per 
square  inch  of  map  should,  with  accompanying  elevations,  be 
sufficient.  On  the  other  hand,  in  highly  eroded  or  densely 
wooded  countr)^  (Fig*  34)  ^s  many  as  3  to  6  locations  and  5  to 
10  inches  of  traverse,  per  inch  of  map  may,  with  accompany-j 
ing  elevations,  be  necessary  to  properly  control  the  sketching, 
Again,  in  very  level  plains  country  (Fig.  6)  less  than  one 
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cation  and  but  2  to  5  inches  of  traverse,  with  accurate  eleva- 
tions, vrill  suffice  to  furnish  adequate  control. 

The  same  is  true  of  the  third  element  of  accuracy,  the 
distribution  of  locations.  In  rolling,  hilly  country  of  uniform 
slope  the  control  should  be  obtained  chiefly  at  tops  and  bot- 
toms and  changes  of  slope.  The  same  is  true  of  heavy  moun- 
tains, excepting  that  all  summits  and  gaps  on  ridges  must  be 
fixed,  as  well  as  all  changes  in  side  slopes  and  a  few  positions 
distributed  about  the  valley  bottoms.  In  flat  plains  the  posi- 
tions determined  should  be  locations  on  the  contours  themselves 
and  at  changes  in  their  direction.  In  highly  eroded  regions 
locations  of  all  kinds  should  be  distributed  with  consider- 
able uniformity,  so  as  to  control  every  change  of  feature  or 
slope. 

The  fourth  element,  the  quality  of  the  sketchings  depends 
wholly  upon  the  artistic  and  practical  skill  of  the  topographer 
— in  other  words,  upon  his  possession  of  the  topographic 
sense,  which  may  be  described  as  his  ability  to  see  things  in 
their  proper  relations  and  his  facility  in  transmitting  his  im- 
pressions to  paper.  This  is  by  far  the  most  important  and 
difficult  requirement  to  meet,  and  one  which  requires  a  longer 
apprenticeship  on  the  part  of  the  topographer  than  all  the 
others  combined. 


CHAPTER  II. 
SURVEYING  FOR  SMALL-SCALE  OR  GENERAL  MAPS. 

9.  Methods  of  Topographic  Surveying. — Three  methods 
of  locating  contours  on  topographic  maps  have  usually  been 
employed  in  the  past : 

First,  traversing  or  running  out  of  contours  by  means  of 

transit,  chain  or  stadia,  and  level; 

Second,  cross-sectioning  the  area  under  survey  with  the 
same  instruments;   and 

Third,  triangulation  of  the  territory  under  survey  with 
such  minuteness  as  to  get  a  sufficient  number  of  vertical  and 
horizontal  locations  to  permit  of  connecting  these  in  office  by 
contour  lines. 

All  three  methods  are  slow  and  expensive,  while  the  first 
two  are  unfitted  to  the  survey  of  large  areas,  because  of  the 
inaccuracies  introduced  in  linear  or  traverse  surveys. 

K  fourth  method,  and  that  which  this  book  is  dcsigfted  to 
expound,  is  that  always  employed  by  the  United  States  Geo- 
logical Survey  as  well  as  to  a  lesser  degree  by  several  other 
American  and  Kuropean  surveys.  It  is  fitted  to  make  topo^ 
graphic  maps  for  any  purpose,  on  any  scales,  and  of  any 
area.  This  consists  of  a  combination  of  trigonometric, 
traverse,  and  hypsometric  surveying  to  supply  the  controlling 
skeleton,  supplemented  by  the  '*  sketching  in  '*  of  contour  lines 
or  other  relief  symbols  by  a  trained  topographer.  In  this  method 
the  contour  lines  are  never  actually  run  out  nor  is  the  country 
actually  cross- sectioned.  Only  sufficient  trigonometric  con- 
trol is  obtained  to  tie  the  whole  together,  the  minor  control 
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between  this  being  filled  in:  first,  in  the  most  favorable  tri- 
angulation  country  almost  wholly  by  trigonometric  methods; 
second,  in  less  favorable  triangulation  country  by  traverses 
connecting  th«  trigonometric  points. 

There  are  two  general  methods  of  making  a  contour  topo- 
graphic map  which  have  been  aptly  styled  the  **  regular** 
and  the  ''irregular."  These  might  be  respectively  called 
the  old  and  the  new.  The  old  or  regular  method  includes  the 
surveying  and  leveling  of  a  skeleton  work  of  controlling 
traverse  or  triangulation  and  the  cross-sectioning  of  the  ter- 
rane  into  rectangular  areas,  the  outlines  of  which  are  trav- 
ersed and  leveled.  In  addition  the  leveled  profiles  and  trav- 
erses are  continued  between  this  gridironing  at  places  where 
important  changes  of  slope  occur,  and  finally  the  survey  and 
leveling  of  flying  lines  or  partial  sections  is  extended  from  each 
station.  By  this  method  the  base  of  each  level  section  or  the 
contour  line  or  line  of  equal  elevation  is  determined  by  setting 
the  instrument  in  position  where  this  level  line  intersects  the 
profile,  and  using  the  telescope  as  a  leveling  instrument  with 
its  cross-hairs  fixed  on  a  staff  at  the  height  of  the  optical  axis, 
a  line  is  then  located  by  tracing  successive  positions  of  a 
stadia  rod  or  by  locating  by  intersection  successrve  points  on 
the  level  line,  and  a  line  drawn  through  these  points  locates 
the  contour  curve.  In  addition,  parts  of  several  level  sec- 
tions are  plotted  from  one  station  by  intersection  on,  or  location 
of  a  staff,  and  by  the  determination  of  its  height  above  or 
below  the  instrument  by  vertical  angulation.  In  this  mode 
of  topographic  surveying  pegs  are  usually  driven  at  regular 
intervals  and  their  heights  determined  by  spirit-level  and  ver- 
tical angulation. 

The  new  or  irregular  method  of  topographic  surveying 
consists  in  determining  by  trigonometric  methods  the  po- 
sition and  height  of  a  number  of  critical  points  of  the  terrane 
and  connecting  these  by  traverses  and  levels,  not  run  on  a  cross- 
section  or  rectangular  system,   but  irregularly,  so  as  to  give 
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plans  and  profiles  of  the  higher  and  lower  levels  ol  the  country, 
as  ridge  summits  or  divides  and  valley  bottoms  or  drainage  lines, 
such  lines  being  run  over  the  most  easily  traversed  routes,  as 
trails  or  roads.  With  the  numerous  positions  anfl  heights  deter- 
mined by  the  triangutation,  and  on  these  traverses  as  controlhng 
elements,  contour  lines  are  sketched  In  by  eye  and  by  the  aid 
of  the  hand-level  on  a  plane-table  with  the  country  in  con- 
stant view.  This  is  the  method  now  generally  employed  by 
expert  topographers,  and  the  work  is  so  conducted  that  the 
development  of  the  map  proceeds  with  the  survey  of  the 
skeleton  and  rarely  necessitates  the  return  to  a  station  when 
once  occupied.  Moreover,  it  calls  for  the  location  of  less 
points  and  the  running  of  fewer  traverses  and  profiles,  and 
these  over  more  easily  traveled  routes,  than  the  former 
method.  It  is  therefore  more  expeditious,  cheaper,  and  the 
resulting  map  is  a  better  representation  of  the  surface,  as  it 
possesses  not  only  the  mathematical  elements  of  instrumental 
location,  which  in  the  old  method  are  arbitrarily  connected  in 
office,  but  also  the  artistic  element  produced  by  connecting 
the  lines  of  equal  elevation  in  the  field,  with  the  country  at 
all  times  immediately  before  the  eye, 

10.  Geological  Survey  Method  of  Topographic  Survey- 
ing.— In  average  country,  favorable  for  triangulation,  com- 
paratively clear  of  timber  and  well  opened  with  roads,  a  skele- 
ton trigonometric  survey  (Chap.  IX)  is  made,  by  which  the 
positions  and  elevations  of  all  summits  are  obtained,  as  well 
as  the  horizontal  positions  of  a  few  points  in  villages  or  at 
road  crossings,  junctions,  etc.  This  constitutes  the  upper 
system  of  contra!  (Fig.  i).  Below  and  between  this  is  a  net* 
work  of  road  traverses  (Chap,  X)  supplemented  by  vertical- 
angulation  (Chap.  XVII)  or  spirit  levels  (Chap.  XV)  for 
elevations,  and  these  follow  the  most  easy  routes  of  travel, 
not  cross-sectioning  the  country  in  the  true  sense,  but  follow- 
ing  all  the  lower  lines  or  stream  bottoms,  as  well  as  the 
gradients  pursued   by  roads  (Fig,   2).     Between   these  two 
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Upper  and  lower  sets  of  control  points  there  are  therefore 
many  intermediate  ones  obtained  by  road  traverses,  and  the 
topographer,  by  observation  from  the  various  positions  which 
he  assumes  and  with  the  knowledge  he  possesses  of  topographic 
forms,  sketches  the  direction  of  the  contour  lines.  These  are 
tied  accurately  to  their  positions  by  the  large  amount  of  mathe- 
matical control  already  obtained,  supplemented  by  additional 
traverses  or  vertical  angles  where  such  are  found  wanting. 
(Art.  162.) 

The  instruments  used  are  as  various  as  are  the  methods  of 
survey  employed;  the  essential  instruments  being  the 
plane-table  and  the  telescopic  alidade  (Chap.  VII),  which 
invariably  replace  the  transit  (Art.  85)  or  compass  (Art.  91)^ 
so  that  all  surveying  is  accompanied  by  mapping  at  the  same 
time,  and  there  is  no  tedious  and  confusing  plotting  from  field- 
notes  to  be  done  later  in  office.  Nor  are  any  of  the  sa- 
lient  features  of  the  topography  of  the  region  lost  through 
neglect  to  run  traverses  or  obtain  positions  or  elevations,  alt 
omissions  of  this  kind  being  evident  from  an  inspection  of 
the  map  while  in  process  of  construction.  The  distances  are 
obtained  by  triangulation  with  the  plane-table  (Art.  73)  and 
by  odometer  measurements  (Art.  98),  supplemented  off  the 
roads  by  stadia  measures  (Chap.  XII)  or  in  very  heavily 
wooded    country    by   chaining    (Art.   99)    and  pacing  (Art. 

95). 

The  underlying  principles  of  this  method  of  topography 
are,  first,  a  knowledge  of  and  experience  in  various  methods 
of  surveying,  and  a  topographic  instinct  or  ability  to  appreciate 
topographic  forms,  which  is  acquired  only  after  long  practice ; 
and,  second,  a  constant  realization  of  the  relation  of  scale  to  the 
amount  of  control  required  and  methods  of  survey  pursued ; 
no  more  instrumental  work  being  done  than  is  actually  re- 
quired to  properly  control  the  sketching,  and  no  more  accu- 
rate method  being  employed  than  is  necessary  to  plotting 
within  reasonable  limits  of  error.     Thus,  where  trigonometric 
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locations   (Chap.    IX)  are  sufficiently  close  together, 
odometer  traverses  (Art.  98)  or  even  paced  traverses  (A 
can  be  run  with  sufficient  accuracy  to  tic  between  these  wit 
inappreciable  errors.     Where  trigonometric  locations  are  moi 
distantly  situated,  the  spaces  between  them  must  be  cut  u 
by  more  accurate  traverses,  as  those  with  stadia  (Chap.  XII) 
or  chain  (Art.  99),  these  again  being  grid  ironed   by  less  accu 
rate  odometer  or  paced  traverses.     Again,  a  primary  systci 
of  spirit-leveling  (Chap.  XV)  or  accurate  vertical  triangula< 
tion  (Chap.  XVH)  is  employed  only  for  the  larger  skeleton, 
these  elevations  being  connected   by    less   accurate  vertical 
angle  lines  or  flying  spirit-levels,  and  these  again  by  aneroi 
(Art*   176),  each  method  being  employed  in  such  order  thai 
the  control  obtained  may  be  plotted  well  within  a  reasonabl 
limit  of  error  in  horizontal   location  and  with  no  greater  prc< 
cision. 

Finally,    s/feed  and  ecanomy    are    obtained    by    travelin: 
the  roads  and  trails  in  wheeled  vehicles  or  on  horseback,  at 
rapid  gait  from  instrument  station  to  instrument  station;  the 
slower  process  of  walking  being  only  resorted  to  where  road^H 
and  trails  are  insufficient  in  number  to  give  adequate  control^^ 
and  view  of  every  feature  mappeii. 

II.  Organization  of  Field  Survey.— The  party  organtza^ 
tion  and  the  method  of  distributing  the  various  functions  ol 
topographic  surveying  among  the  members  of  the  party  musi 
necessarily  differ  with  the  scale  of  the  map  and  the  charactei 
of  the  region  under  survey.  The  work  involved  in  makini 
a  topographic  or  geographic  map  may  comprise  four  opcr 
at  ions : 

First,  The  location  of  the  map  upon  the  surface  of  tli 
earth  by  means  of  astronomic  observations. 

Second.   The  horizontal  location  of  points,  which  is  usuall; 
of  three  grades  of  accuracy:    primary  triangulation  or    tra 
erse;  secondary  triangulation  or  traverse;  and  tertiary  tra 
erse  and  meander  for  the  location  of  details. 
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Third.  The  measurement  of  heights,  which  usually  ac- 
companies the  horizontal  location  and  may  be  similarly  di- 
vided into  three  classes,  dependent  upon  their  degree  of 
accuracy. 

Fourth.  The  sketching  of  the  map. 

If  the  area  under  examination  is  small  or  the  scale  be  of 
topographic  magnitude,  the  first  of  the  foregoing  operations 
may  be  omitted. 

Where  map-making  is  executed  for  geographic  or  explora- 
tory purposes  and  on  a  small  scale  in  open  triangulation  coun- 
try, as  that  in  the  arid  regions  of  the  West,  the  skilled  force 
may  consist  of  only  the  topographer  .in  charge.  Where  the 
map  scale  is  increased  up  to  topographic  dimensions  or  the 
country  is  hidden  from  view  by  timber  or  because  of  its  lack 
of  relief,  the  topographer  may  be  assisted  by  one  or  more 
aides. 

12.  Surveying  Open  Country — In  making  a  geographic 
map  on  scales  varying,  say,  from  one-half  mile  to  four  miles  to 
the  inch  in  open,  rolling,  or  mountainous  country  suited  to  tri- 
angulation, all  sketching  and  the  execution  of  the  plane-table 
triangulation  (Chap.  IX)  or  other  control  should  be  done  by 
the  topographer  in  charge.  He  may  be  aided  by  one  to  three 
assistants  according  to  the  speed  with  which  he  is  able  to 
work  and  the  difficulties  encountered  by  the  assistants  in 
leveling  (Chap.  XV).  It  is  assumed  that  the  topographer 
has  a  fixed  area  to  map,  and  that  within  this  area  he  is 
in  possession  of  the  geodetic  positions  (Chap.  XXIX)  of 
two  or  more  prominent  points  and  the  altitude  of  at  least 
one. 

With  the  positions  of  these  points  platted  on  his  plane- 
table  sheet  (Art.  188)  he  proceeds  (Art.  54)  to  make  a  re- 
connaissance of  the  area  for  the  erection  of  signals  and  to 
locate  prominent  points  *on  summits  and  in  the  lower  or 
drainage  lines  of  the  country  by  plane-table  triangulation 
(Art.    73).      Meantime,  one  assistant  may  be    running  lines 
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of  spirit-levels  iChap.  XV)  for  the  control  of  the  vertical 
element,  while  one  or  two  assistants  are  making  odometer 
(Art.  98)  or  stadia  traverses  (Chap.  XII)  of  roads  or  trails 
for  the  control  of  the  sketching  and  the  mapping  in  plan 
of  the  roads  and  streams.  This  preliminary  control 
executed*  the  topographer  adjusts  to  his  triangiilatjon 
locations  the  traverses  run  by  the  assistants  (Art.  81), 
and  writes  upon  them  in  their  proper  places  the  elevations 
determined  by  leveling  or  vertical  ang>ilation  (Chap. 
XVII). 

In  Fig,  I  is  shown  a  typical  triangulation  control  sheets 
the  directions  of  the  sight  lines  being  indicated  so  as  to  show 
the  mode  of  derivation  of  the  various  locations.  The  stations 
and  located  intersection  points  arc  numbered  in  order  to  show 
the  sequence  in  which  they  were  procored*  The  traversing 
executed  for  the  same  region  is  illustrated  in  Fig<  2,  from 
which  it  will  be  seen  that  merely  the  plans  of  the  roads  with 
their  various  bends,  stream  crossings,  and  the  houses  along 
them  were  mapped.  Hill  summits  and  other  prominent  ob- 
jects to  one  side  or  other  of  the  traversed  route  were  inter- 
sected (Art,  84)  in  order  to  ^\yg  additional  locations  and  to 
facilitate  the  adjustment  of  the  traverse  to  the  triangulation- 
The  closure  errors  of  the  various  traversed  circuits  are  shown, 
and  an  inspection  of  these  makes  it  clear  that  in  every  case 
the  errors  in  traverse  work  are  so  small  as  not  to  affect  the 
quality  of  the  control,  because  the  adjustment  of  the  traverses 
by  means  of  points  on  them  which  are  located  by  the  plane- 
table  triangulation  will  distribute  the  errors  in  the  various 
road  tangents  in  such  manner  as  to  make  them  imperceptibly 
small  on  the  resulting  map.  The  product  of  such  adjustment 
is  shown  on  Fig.  3,  which  is  the  base  on  which  the  topog- 
rapher begins  his  sketching.  On  this  sketch  sheet  are  the 
locations  obtained  by  him  in  the  execution  of  his  plane-table 
triangulation,  the  traverses  as  adjusted  to  this  control,  and 
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.icvdiicns  from  vertical  angulation  or  spirit-leveling  writt 
w  tiicir  appropriate  places. 

It  the  work  be  the  making  of  a  topographic  map  on  seal 
uigcr  than  those  above  described,  and  the  country  be  still 
liic  same  topographic  character— namely,  open,  with  salic 
-summits, — a  system  of  control  similar  to  the  above  must  in  li 
manner  first  be  executed  by  the  development  of  plane-tat 
tiiangulation  and  the  running  of  control,  traverse,  and  le\ 
litres.  But  the  after-work  of  sketching  the  map  will  be  co 
Jucted  in  a  different  n»anner  than  for  the  smaller  scah 
because  of  the  greater  detail  required,  the  shorter  distanc 
to  be  traveled  by  the  topographer  in  performing  the  wor 
and  his  consequent  nearness  to  the  various  features  which 
is  to  map. 

13.  Sketching  Open  Country.  —  Having  the  conti 
platted  on  the  sketch  sheet  as  shown  in  Fig.  3,  and  whc 
roads  are  sufficiently  abundant  to  cut  up  the  map  with  tra 
erses  so  near  one  to  the  other  that  the  topographer  may  n 
have  to  sketch  more  than  one-half  to  one  inch  to  either  si 
of  his  position,  the  sketching  of  the  topography  proceeds 
follows : 

Taking  the  sketch  sheet  on  a  board  in  his  lap,  the  tope 
Kq^hcr  for  cheapness  and  convenience,  because  of  the  spec 
vljivcs  over  every  road.  Where  these  are  not  sufficiently  ne 
v»i\v'  to  the  other  he  walks  in  between  them,  pacing  distan 
y\it.  v)0.  and  getting  direction  by  sighting  fixed  objcc 
while  he  sketches  the  plan  of  the  contour  lines  (Art.  193) 
i.u  a'i  he  ean  safely  see  them  to  either  side  of  his  path.  Tl 
.vi^M.aion  is  performed  by  setting  out  from  such  fixed  poir 
\.  \  \\K\A  junction,  a  located  house,  or  a  stream  crossing,  t 
^s».>\Ux»t\  of  which  is  platted  on  his  map  and  the  elevation 
x\S»vh  X'*  kuinvn.  Adjusting  the  index  of  his  aneroid  at  t 
\i»x^\\a  elevation  (Art.  176),  he  drives  along,  keeping  t 
vv:.^Uv\l  xhiection  of  the  road  parallel  to  its  position  on  t 
^4n^\mkI  aiuI  nuirking  on  the  map  the  positions  at  which  t 
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its  c<Mltours  arc  crossed  by  his  route.  Thus,  if  his 
niour  interval  be  twenty  feet,  at  every  change  of  twenty 
etas  indicated  by  the  aneroid  or  marked  by  the  leveler  on 
d?*idc  fences,  trees  or  stones,  he  stops,  and,  knowing  his 
sition  on  the  map  either  by  reference  to  bends  in  the 
,  houses*  or  by  having  counted  the  revolutions  of  his 
I  from  a  known  point,  he  glances  along  the  trend  of  the 
to  one  side  or  the  other,  following  by  eye  the  level 
nc  of  his  contour,  and  this  he  sketches  in  horizontal  plan 
bpon  the  map-  In  this  he  is  aided  by  a  hand-level  (Art. 
IJ6k  Finally,  he  interpolates  other  contours  above  and 
below  that  on  which  he  is  placed  with  such  precision  as  not  to 
affect  the  quality  of  the  resulting  map. 

If  level  cle%'ations  are  not  numerous  enough,  the  topog- 
rapher sets    up   his  plane-table,   reads    with    the   telescopic 
lidjulc  a  few  vertical  angles  (Art,  162)  to  hilltops  or  houses 
it  and   the   elevations  of  which    are  known,  and,  with 
jangles  and  the  distances  which  he  can  measure  from  his 
sition  to  the  points  sighted  as  shown  on  the  adjusted  con- 
ol,  be  is  at  once  able  to  compute  the  elevation  of  his  posi- 
omArt,  161)  within  two  or  three  feet*      At  the  same  time 
is  in  similar  manner  able  frequently  to  throw  out  other 
lions  by  sighting  from  the  position  thus  determined  to 
i  or  summits  near  by  which  may  have  been  located  by 
iverse  ^Art.  84),  and  the  heights  of  which  he  determines 
«QW  from  his  angulation.     The   topographer  thus  sketches 
!  whole  area  assigned  him,  not  only  mapping  the  contours, 
Wnage,  political    boundaries,   and    other  topographic    fea- 
llurcj,  but    also    checking  the  positions  of  houses  and  sum- 
wits  and  the  directions  and  bends  of  roads  and  streams  as 
flocaied  by  the  traverseman  (Fig.  4). 

Where  the  hills  are  more  prominent  and  the  slopes  bolder 

^d  steeper,  the  topographer  sketches  these  from  his  various 

[viewpoints  by  interpolating  contours  between  the  located  con- 

ftral  points.    With  the  sketch-board  in  his  lap  or  on  the  tripod 
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and  approximately  oriented,  looking  about  in  various  direc- 
tions at  hill'summits,  houses  on  slopes,  spurs,  etc.,  winch 
may  with  their  elevations  be  platted  on  his  map,  he  first 
sketches  in  plan  the  streams  and  drainage  lines  as  well  as  the 
directions  of  slopes.  Then  he  sketches  the  position  of  con- 
tour lines  about  such  control  points  as  summits^  salients,  and 
his  own  position.  With  these  as  guides  he  is  then  unable  to 
go  astray  in  the  interpolation  of  the  intermediate  contours 
which  complete  the  map  of  the  area  itii mediately  about 
him. 

The  sketching  of  the  topography  for  large-scale  maps  dif- 
fers rather  in  degree  than  in  kind  from  the  above.  The  large- 
scale  map  covering  as  it  does  a  relatively  small  area,  the  to- 
pographer is  not  under  the  necessity  of  traveling  with  such 
speed  as  to  necessitate  his  using  wheeled  conveyance.  At 
the  same  time  the  largeness  of  the  scale  places  the  roads,  at 
much  greater  distances  apart  on  the  map  and  necessitates  his 
traveling  between  these  to  greater  extent.  It  wilt  thus 
be  seen  that  the  scale  and  the  ability  to  travel  over  the  coun- 
try work  harmoniously  one  with  the  other.  Vqx  the  smaller 
geographic  scales  the  roads  arc  so  close  together  on  the  map 
as  to  afford  sufficient  control  and  sufficient  number  of  view^ing 
points  for  sketching  the  topography  of  the  average  open 
country,  whereas  on  large-scale  topographic  maps  these 
roads  are  in  plan  much  farther  apart,  but  the  time  con- 
sumed in  walking  between  them  is  a  comparatively  small 
item  because  of  the  decrease  in  the  distances  to  be  cov- 
ered. 

In  sketching  a  large-scale  map  the  topographer  will  have 
about  the  same  relative  amount  of  primary  control  as  above 
indicated.  Starting  out  with  some  known  point  and  on  foott 
accompanied  by  one  or  more  stadiamcn,  he  sets  up  and  ori- 
ents his  plane-table,  and,  having  considerable  areas  to  fill  in 
on  his  map  between  his  present  position  and  his  next  rccog- 
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feizablc  natural  featuref  he  posts  the  stadtamen  at  convenient 
changes  in  the  slope  of  the  country  or  at  houses  or  trees  or 
■  bends  in  the  streams,  and  drawing  direction  lines  and  reading 
IdlsUnces  by  stadia  to  these  positions  he  obtains  additional 
Uocations  to  control  the  sketching  (Art.  loi),  which  is  exe- 
ictited  as  above  described.  In  the  progress  of  this  work  he 
kot  only  determines  horizontal  positions  by  sighting  to  the 
pods  hekl  by  his  stadiamen,  but  also  the  vertical  positions 
bfthe  same  points  (Art.  102),  For  very  large-scale  maps 
pnd  under  some  conditions  the  work  may  be  expedited  by 
^permitting  the  assistants  to  sketch  the  contours  immediately 
adjacent  to  their  stadia  stations,  and  these  sketch  notes  must 
lie  ^ven  the  topographer  at  frequent  intervals  to  be  trans- 
pcrrcd  to  his  map.  In  this  manner  one  topographer  may 
ftandle  from  one  to  three  stadiamen,  providing  he  uses  judg- 
fc«nt  in  the  selection  of  his  and  their  positions.  Forsmaltcr- 
pcale  topographic  mapping  the  work  may  be  expedited  by  the 
feadiamen  riding  on  horseback  from  one  position  to  another, 
pcven  by  the  topographer  himself  using  this  means  to  get 
ibout. 

14*  Siirvcymg  Woodland  or  Plains* — The    securing  of 

control  in  densely  wooded  country^  as  that  of  the  Adirondack 

Tcgion  or  the  woods  of  Minnesota,  Michigan,  and  of  Washing- 

on;  or  the  securing  of  control  for  very  flat  plains  country, 

sthatof  the  Dakotas  and  Nebraska,  is  accomplished  by  dif- 

nt  means  than   must   be  adopted   in  open  triangulation 

untry.    Be  the  scale  of  the  resulting  map  large  or  small,  the 

^primary  control   may  be  obtained  most  economically  either 

by  iriangulatton  or  by  traverse  methods.       If  the  country  is 

t^Mti  and  rotling,  it  maybe   more   economical  to  clear  the 

Wghcf  summits  or  to  erect  high  viewing  scaffolds  upon  them, 

Itom  which  to  conduct  a  skeleton  plane-table  triangulation. 

Inlcnncdiate  positions  may   be    obtained   by  placing  signal* 

Im  tall  trees  and  locating  these  by  intersection  or  using 
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them  to  obtain  other  positions  by  resection.  With  prac- 
tice the  topographer  will  thus  triangulate  the  most  forbid* 
ding  woods  country  more  expeditiously  than  it  could 
otherwise  be  controlled,  by  taking  advantage  of  every  out- 
look, as  a  rock  on  a  hillside,  a  lake,  a  small  clearing  for  a 
farm,  or  by  clearing  or  signaling  the  commanding  summits* 
He  will  thus  occupy  only  such  points  as  those  just  described, 
locating  by  intersection  (Art.  73)  from  them  the  flags  on  the 
more  wooded  and  forbidding  ones  which  may  be  the  more 
commanding  positions,  and  using  the  latter  again  for  carrying 
on  his  work  by  resection  (Art,  74). 

In  level  plains  or  in  wooded  plateau  land  the  control 
may  of  necessity  be  executed  only  by  traverse  methods.  In 
such  case  where  the  scale  is  of  geographic  dimensions  one  or  two 
astronomic  stations  should  be  determined  (Part  VI)^  or  for 
larger  scales  it  may  suflficc  to  assume  the  initial  position.  From 
this  primary  traverse  lines  should  be  run  (Art.  226)  at  con- 
siderable distance  one  from  the  other,  depending  upon  the 
scale.  For  the  one-mile  scale  a  nearness  of  five  to  ten 
miles  will  suffice.  For  the  two-mile  scale  these  primary 
traverse  lines  may  be  double  the  distance  apart ;  for  a 
larger  scale  a  relatively  smaller  distance,  depending  upon 
the  map  scale;  for  all  scales  a  distance  corresponding  to 
five  to  ten  inches  on  the  map  according  to  the  topography. 

Between  these  primary  traverse  lines  others  of  less  accu* 
racy  should  be   run  as  a  secondary  control.     On  these  dis- 
tances  should  be    measured  by  wheel   (Art,    98)   when  the 
vehicle  can  be  driven  in  straight   tangents,    by  stadia  (Art* 
101)  in  open  irregular  country,  or  by  chain  (Art.   99)  or  tape 
(Art.   97)  through   underbrush  or  dense   wood.     Elevations^ 
will  be  secured  in  the  woods  by  vertical  angulation  to  stadi&- 
(Art.    102)  or  by  spirit-leveling  (Chap.    XV) ;    in  the  operm. 
or   plains   by   vertical    angulation    to    fixed    objects,   as    th^ 
eaves  or  chimneys  or  window-sills  of  houses,  the  platforms  o  4 
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id^milts,  etc.  (Alt.  160),  or  to  the  stadia-rod ;   asweUasby 
spirit -leveling.     The  secondary  traverse  is  usually  executed 
the  party  chief  while  his  assistants  are  engaged  in  tertiary 
iverse  far  the  filling  in  of  topographic  details  or  the  procur- 
of  vertical  control. 

The  primary  and  secondary  control  having  been  procured 
above,  this  should  be  platted  on  sketch  sheets  of  the  cus- 
»mary  Urge  plane-table  size  for  open  country  (Art,  68),  and 
Inferably  in  small  detached  pieces  placed  on  small  boards  of 
about  six  inches  square,  where  the  latter  have  to  be  carried 
through  woods  and  underbrush.     These  control  sheets  will  be 
notdiik'^imilar  to  those  described  in  Article  13,  excepting  that 
thty  will    lack  the  location  of  points    procured  by  angula* 
rtionand  will  consist  almost  wholly  of  platted  traverse  lines. 
In  order  that  the  topographer  when  sketching  may  identify 
ibese  lines  on  the  ground,   trees  must  be   frequently  blazed 
in  woods  when  the  traverses  are  being  run  and  station  num- 
bers or  elevations  be  written  on  the  blazings. 

15.  Sketching  Woodland  or  Plains. — With  the  control 
plittcd  on  the  sketch  sheet  as  just  described^  the  topographer 
^^ffoiKs  work  starts  out  and  drives  over  the  country  much 
**  described  in  Article  13,  traveling  over  all  the  traversed 
f<>KU.  As  the  country  is  relatively  flat,  the  contour  lines 
^at  considerable  distances  apart  in  plan,  and  consequently 
*  very  small  difference  in  vertical  elevation  makes  a  con- 
siderable change  in  the  horizontal  location  of  a  contour. 
TWrtfore  the  determination  of  the  vertical  element  should 
1h  t){  greater  relative  accuracy,  that  the  resulting  map  may 
1>«  correct. 

In  the  u'oods  the  sketching  is  executed  in  an  entirely  dif* 
tercnt  manner.  Little  skill  is  required  in  the  depiction  of 
^k  lopography,  as  it  is  impossible  to  sec  the  countr>'  and 
iWdorc  to  sketch  it  in  the  ordinary  sense*  The  topographer 
*^  Ntcd  to  sketching  that  which  is  directly  under  foot — in 
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other  words,  to  mere  contour  crossings — and  in  order  that 
these  may  be  connected  the  traverses  must  be  much  nearer 
together,  and  not  only  the  topographer  but  his  more  skillful 
assistants  are  all  engaged  in  sketching  and  traversing  at  the 
same  time.  Starting  out  with  the  primary  and  secondary 
control  as  obtained  in  the  last  article,  the  topographer  travels 
over  those  traversed  routes  which  have  been  blazed  and 
sketches  the  contours  upon  these  while  his  assistants  run  addi- 
tional traverses  over  controlling  routes,  as  along  stream  beds 
and  ridge  crests,  and  so  close  together  as  to  completely 
command  all  the  country  under  foot.  These  traverses  will 
be  of  crude  quality,  directions  being  obtained  by  sight  alidade 
(Art,  62)  and  traverse-table  (Art.  61),  and  distances  by  pacing 
(Art.  9S)  or  by  dragging  a  light  linen  tape  (Art.  97).  Each 
day  the  topographer  must  adjust  to  his  control  sheet  the 
traverses  with  accompanying  sketching  as  executed  by  his 
assistants.  With  such  a  skeleton  of  topography  on  highest 
and  lowest  lines,  i,e.,  contour  crossings  of  streams  and  ridges, 
he  can  readily  interpolate  contours  for  most  of  the  inter- 
mediate spaces  and,  following  after  his  assistants,  fill  in  those 
places  which  are  not  fully  mapped. 

In  the  execution  of  a  survey  under  such  conditions  the 
topographer's  work  is  largely  supervisory  and  consists  chiefly 
in  the  management  of  the  work  of  his  assistants,  the  adjust- 
ment of  their  sketching,  and  its  inspection  as  he  fills  in  the 
details  omitted  by  them.  There  is  little  room  for  them  to  go 
astray,  because  they  only  sketch  that  which  they  walk  over. 
The  topographer  should  invariably  reserve  for  himself  the 
higher  ridges,  the  ponds,  and  the  more  open  places  in  order 
that  quality  and  speed  may  be  obtained  by  the  utilization  of 
his  skill  in  that  work  which  gives  some  opportunity  for  sketch- 
ing  at  a  distance  from  the  traveled  route. 

16.  Control  from  Public  Land  Lines — In  the  western 
United  States  where   the  public  land  surveys  have  been  exe* 
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cuttd  in  recent  years  and  with  sufficient  accuracy  to  furnish 
honxontal  control,  this  may  come  almost  wholly  from  the 
township  and  section  plats  filed  in  the  United  States  Land 
Office*  The  topographer  takes  into  the  field  paper  on  which 
sections  and  quarter  sections  are  ruled  and  numbered.  On 
th^>e  he  writes  at  the  proper  section  corners  the  elevations 
as  determined  from  the  primary  spirit-levels  (Chap.  XV).  He 
also  indicates  on  the  northern  and  western  margins  of  each 
township  the  offsets  and  fractional  sections  as  shown  on  the 
published  land  plats  (Fig.  5),  At  some  period  during  the 
pfOgTcss  pf  field-work  the  topographer  adjusts  the  land-line 
work  to  positions  determined  cither  by  primaiy  triangulation 
(Chap.  XXV)  or  traverse  (Chap.  XXIII),  supplementing  this 
by  additional  control  where  necessary. 

17*  Sketching  over  Public  Land  Lines. — With  the  con- 
trol sheet  prepared  as  described  in  the  last  article,  the  topog- 
rapher proceeds  to  drive  over  the  section  lines  on  which  roads 
have  been  opened.  The  control  sheet  is  attached  to  a  plane- 
table  board.  Starting  from  a  known  section  corner,  he  drives 
in  a  straight  line  down  one  of  the  section  lines  to  other  sec- 
tion comers,  determining  his  position  by  counting  revolutions 
of  the  wheel  (Art,  98)  and  sketching  contour  crossings  as  he 
rogrcsses. 

Starting  out  with  a  known    elevation   from    spirit-levels 
3-  XV),  he  determines  other  elevations  as  he  proceeds  by 
ting  up  his  plane-table  at  a  section  corner  or  opposite  a 
>ttse  which  he  can  locate  by  odometer  distance,  and  reads 
crttcal  angles  from  the  point  of  known  elevation  to  houses, 
^mdmills,  or  other  objects  in  sight  (Art.  162),  drawing  direc* 
ion  lines  to  them  as  an  aid  in  their  identification  (Art.  84), 
priving  on  until  he  comes  to  one  of  these  objects  and  being 
kus  able  to  locate  it  on  his  plane-table,  he  measures  the  dis- 
mcc  from  it  to  the  point  from  which  the  angle  was  taken  and 
:once  computes  his  elevation  (Art.  161),     Or,  setting  up  his 
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Fig.  5. — Land  Survey  Cor<rrROL  for  Topographic  Sketching. 

North  Dakota. 

Original  scale  2  inches  to  i  mile. 
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plane-table  board  from  some  known  position,  as  determined 
ff«M»  his  section  lines  and  odometer,  he  reads  vertical  angles  to 
houses  or  windmills,  the  heights  of  which  have  already  been 
determined  by  vertical  angulation,  and  thus  brings  down  tQ 
his  present  position  an  elevation  by  means  of  the  angle  read 
and  distance  measured  on  his  board.  In  conducting  vertical 
angulation  in  this  manner  care  must  be  taken  to  sight  at  some 
well-defined  point,  as  a  platform  or  top  of  a  windmill,  the 
gable  or  top  of  a  house  or  top  of  door-sill,  etc* 

As  the  sketching  is  a  comparatively  simple  process  under 
these  conditions  because  of  the  flatness  of  the  terrane,  his 
work  may  be  expedited  by  permitting  his  more  skillful  assist- 
0mts  ie  md  in  sketching,  \n  order  that  he  may  control  their 
work  he  drives  and  sketches  over  those  roads  which  parallel 
the  roads  of  his  assistants  on  either  .side»  and  in  such  manne^ 
obtains  a  clear  insight  into  the  work  performed  by  them. 
The  assistants  may  determine  elevations  either  by  vertical 
igulation,  as  does  the  party  chief,  or  by  stadia  or  spirit 
Kveltng.  On  such  a  sketch  sheet  as  it  comes  from  the  plane- 
table  board  ( Fig.  6^  the  roads  have  been  clearly  marked  over 
lie  section  lines  and  additional  diagonal  roads  have  been 
ivcrscd  or  sketched  directly  on  the  plane-table  board,  con- 
rfled  by  section  corners,  the  outlines  of  lakes  having  been 
Obtained  by  stadia  (Art.  ioj). 

Where  the  topographic  map  is  made  at  the  same  time  as 
the  subdivision  of  the  public  lands,  as  was  the  case  in  the 
Indian  Territory  surveys  of  the  United  States  Geological 
Survey,  the  cost  of  executing  the  topographic  survey  scarcely 
iccceds  the  cost  necessarily  involved  in  making  the  land  sub- 
dston  or  cadastral  survey.  The  only  additional  cost  in  the 
execution  of  the  topographic  sunxy  is  that  for  leveling. 
33  is  an  example  of  the  cadastral  map  resulting  from 
i  a  survey  of  the  public  lands*  The  topographic  map  of 
the  same  region  corresponds  in  appearance  almost  identically 
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with  that  shown  in  Fig.  6,  being  shorn  of  the  various  sym- 
bols used  on  the  Land  Survey  Maps. 

i8*  Cost  of  Topographic  Surveys, — As  indicated  in 
Tables  I,  II,  and  III,  the  cost  of  topographic  surveying 
varies  widely  with  the  character  of  the  country,  the  scale  of 
the  map,  and  the  contour  interval.  Such  topographic  surveys 
as  are  executed  by  the  United  States  Geological  Survey  range 
in  cost  (or  maps  of  a  scale  of  one  mile  to  the  inch  and  20-foot 
contour  interval,  similar  to  those  described  for  ofifH  country 
in  Articles  12  and  13,  from  $10.00  to  $20.00  per  square  mile. 
Such  as  are  described  in  Articles  14  and  15,  for  plains  or 
woodland t  range  in  price  from  $8.00  to  $12.00  per  square  mile 
for  the  former  to  between  $15.00  and  $30.00  for  the  latten 
The  highest- priced  work  of  this  kind  w^hich  can  be  executed 
being  the  woodland  survey,  and  the  cheapest  country  to  map 
topograpliically  being  the  open  plain. 

Land- survey  country y  as  that  instanced  in  Article  16,  which 
is  a  survey  of  a  portion  of  North  Dakota,  ranges  in  cost  from 
$5.00  to  $8.00  per  square  mile,  where  the  topographic  map  is 
made  on  a  scale  of  two  miles  to  one  inch  and  in  20-foot  con- 
tours. For  the  same  scale  and  in  mountainous  country,  as 
that  of  the  South  and  West,  the  cost  is  from  $8,00  to  Si  2.00 
per  square  mile. 

If  any  endeavor  is  made  to  do  work  for  other  purposes 
than  the  procurement  of  a  topographic  map,  as  for  the  deter- 
mination of  land  lines  or  the  staking  out  of  canals  or  railroads, 
the  cost  of  the  survey  is  at  once  greatly  enhanced.  It  is  this 
which  has  added  so  greatly  to  the  relative  cost  as  shown  in 
the  tables  cited  of  some  private  topographic  surveys  as  well 
as  of  the  cadastral  surveys. 

19.  Art  of  Topographic  Sketching — =Mr.  A.  M,  Well* 
ington  aptly  said  of  topographic  surveying  that  **the  sketch- 
ing of  the  form  of  the  terrane  by  eye  is  truly  an  art  as 
distinguished  from  a  science,  which  latter,  however  difficult  it 
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may  be,  is  always  susceptible  to  rigorous  and  exact  analysis. 
An  art,  on  the  other  hand,  is  something  which  cannot  be 
taught  by  definite*  fixed  rules  which  must  be  exactly  fol- 
lowed, though  instruction  may  be  giveii  in  its  general  prin- 
ciples-" 

In  representing  the  heights  and  slopes  of  a  given  piece  of 
country  by  contour  lines,  every  case  presents  some  peculiari- 
ties which  must  be  met»  as  they  are  presented,  by  the  topog- 
rapher's own  resources.  No  hard -and  fast  limit  of  minute- 
ness of  detail  can  be  previously  fixed.  The  scale  chosen  for 
the  topographic  map  limits  this  to  a  certain  extent,  but  its 
exact  limits  must  be  set  by  the  topographer's  own  experience 
and  good  judgment,  that  he  may  discriminate  between  impor- 
tant and  trifling  features :  those  which  are  usual  and  common 
to  the  region  being  mapped,  and  those  which  are  accidental 
or  uncommon,  and  which  should  therefore  be  accentuated* 
Above  all,  the  topographer  must  exhibit  an  alertness  to  dis- 
tinguish as  to  what  amount  of  detail  should  be  omitted  and 
that  which  should  be  included.  Hesitancy  in  this  is  the  chief 
source  of  slow  progress.  Valuable  time  may  be  wasted  in 
the  representation  of  features  which  may  be  lost  on  the  scale 
of  the  work  and  which  are  common  in  all  localities  to  the 
topographic  forms  being  sketched  ;  wliile  features  characteristic 
of  such  special  topographic  forms  as  those  produced  by  erup- 
tion,  erosion>  or  abrasion,  or  those  indicative  of  the  structure 
of  the  region  and  which  give  distinctive  character  to  its  topog- 
raphy, may  be  lost  sight  of  or  be  covered  up  in  the  map  by 
too  careful  attention  to  minute  details. 

The  characteristic  features  of  a  terrane  are  best  obser\xd 
from  a  point  nearly  on  the  same  level;  and  as  between 
sketching  features  from  above  or  below  for  a  reasonable 
range,  sketching  from  below  is  the  better,  as  features  viewed 
from  any  considerable  height  above  are  apt  to  appear  dwarfed 
and  much  detail  of  undulation  of  the  surface  lost  sight  of. 
Vet,  as  a  precise  representation  of  the  land  requires  sketch- 
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ing  its  forms  from  numerous  positions  at  intervals  not  far 
apart,  the  necessity  will  rarely  arise  of  observing  surface 
forms  from  points  of  observation  much  above  or  below  the 
surface  represented,  excepting  in  case  of  very  small  scale 
geographic  or  exploratory  surveys. 

20.  Optical  Illusions  in  Sketching  Topography, — In 
sketching  topographic  forms  by  eye  there  are  a  number  of 
optical  illusions  to  which  it  is  well  to  call  attention,  though 
the  cflfect  of  these  can  be  entirely  overlooked  in  the  sketching 
of  detailed  topography  such  as  would  be  mapped  on  scales 
less  than  one  mile  to  the  inch*  But  for  the  sketching  of 
topographic  maps  on  smaller  scales,  where  the  eye  has  to  be 
more  depended  upon»  these  illusions  become  more  important. 
Most  of  these  have  been  well  classified  by  Mr.  A.  M.  Welling- 
ton in  his  admirable  work  on  railwa/ location,  and  they  are 
here  summarized,  with  variations,  from  that  work.  Among 
the  more  serious  of  such  illusions  are  the  following: 

1.  The  eye  foreshortens  the  distance  in  an  air  line  and 
materially  exaggerates  the  comparative  length  of  a  lateral  off- 
set so  as  to  greatly  exaggerate  the  loss  of  distance  from  any 
deflection* 

2*  The  eye  exaggerates  the  sharpness  of  projecting  points 
and  spurs,  and  accordingly  exaggerates  the  angles. 

3.  In  looking,  however,  at  smooth  or  gentle  slopes  from 
a  distance,  the  tendency  of  the  eye  is  to  decrease  the  angle  so 
that  in  such  country  as  the  rolling  plains  of  the  West  slopes 
look  much  gentler^  the  inclinations  much  less,  than  they  are  in 
fact. 

4.  In   this   connection   the   eye   is  liable  to   make  slapes 
looked  at  from  a  distance  appear  steeper  and  higher  than  they 
are  in  fact,  %vhen  they  are  compared  with  known  slopes  and  ; 
elevations  of  lesser  dimensions  near  by. 

5.  Again,  the  unaccustomed  eye,  which  mentally  meas- 
ures all  dimensions  by  referring  them  to  those  with  which  it 
is  acquainted,  is  apt  to  make  a  divide  or  pass  appear  lou*er 
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than  a  nearer  divide  or  pass  to  which   it  is  referred  in  one 
sweep  of  the  vision^  whereas  it  may  be  higher  (Fig.  7). 


Fio.  7. — Optical  Illusion  as  to  Rklativb  Heights  of  Divides. 
A  it  nearer  and  lower  than  B, 


6.  The  eye  invariably  exaggerates  the  steepness  of  the  slopes 
of  mountains,  these  appearing  to  have  inclinations  of  from  60 
degrees  to  almost  vertical,  whereas  in  fact  the  steepest  slopes 
are  rarely  as  great  as  45  degrees. 

7.  The  eye  trained  to  estimate  slopes  and  distances  in 
regions  of  large  topographic  features — that  is,  regions  of  ex* 
treme  relief  or  differences  of  elevation — will  be  at  a  disadvan- 
tage in  making  similar  estimates  in  a  country  in  which  the 
differences  of  elevation  are  small.  The  tendency  of  one 
accustomed  to  estimating  the  topographic  forms  in  the  Rocky 
Mountains,  where  differences  of  elevation  and  distances  visible 
to  one  sweep  of  the  eye  are  great,  will  be  to  overestimate 
heights  and  distances  in  the  less  rugged  country  of  the  Eastern 
States,  where  great  detail  in  topography  exists,  and  thus  de- 
ceives the  eye  into  an  exaggerated  notiofi  of  the  amount  of  the 
relief, 

8.  In  viewing  the  terrane  with  an  idea  of  estimating  its 
roughness  as  affording  a  possible  route  for  railways,  canals,  or 
similar  works,  a  rugged  mountain  gorge  with  occasional  pre- 
cipitous narrows,  separated  by  river  flats,  may  appear  much 
more  difficult  and  much  rougher  than  it  is  in  fact.  This  is 
especially  so  as  compared  with  a  gently  undulating  or  rolling 
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niore  satisfactorily  and  more  rapidly  procured  by  using  the 
plane-table  in  place  of  the  transit,  and  the  resulting  map, 
being  plotted  in  the  field,  is  a  more  accurate  and  available 
representation  of  the  terrane  than  can  possibly  be  made  from 
plotting  notes  in  an  office. 

The  Germans,  who  are  vtry  thorough  in  taking  topography 
for  railroads,  divide  the  work  into  three  separate  surveys  of 
different  degrees  of  accuracy :  first,  recourse  is  had  to  the 
government  topographic  maps  on  a  scale  of  approximately 
i;  100,000,  and  on  this  a  preliminary  route  or  routes  are  laid 
down  :  second,  a  more  detailed  topographic  survey  is  made  in 
the  field  on  a  scale  of  1  :  2500  as  a  maximum  or  1 :  10,000  as 
a  minimum,  with  contour  lines  of  I  $  feet  interval.  This  map 
is  limited  in  area  from  a  few  yards  to  a  few  hundred  yards  in 
w^idth,  according  to  the  nature  of  the  country*  Where  no 
previous  small-scale  topographic  survey  exists,  the  base 
of  this  more  detailed  or  second  survey  is  a  tfansit  (Art.  87) 
or  plane-table  (Art.  %i)  and  level  (Art,  129)  traverse,  follow* 
ing  as  nearly  as  possible  the  approximate  route  of  the  pro- 
posed railway.  Bench-marks  (Art.  135)  are  established  along 
this  at  distances  of  from  500  to  1000  feet,  by  which  the  ane- 
roid may  be  checked.  With  this  transit  line  completed  on 
the  proper  scale,  the  topographer  goes  over  the  ground  and, 
by  means  of  distances  from  pacing  (Art.  95)  or  odometer 
(Art.  98),  and  elevations  by  aneroid  (Art.  1761,  constructs  a 
hasty  contour  map  on  which  are  indicated  all  roads,  water* 
courses,  structures,  high-water  marks  of  bridges,  width  and 
height  of  existing  bridges  and  culverts;  and  all  other  necessary 
topographic  details  as  to  the  position  of  rock  masses^  strike 
and  dip  of  strata,  swamps,  springs,  quarries,  etc. 

On  such  a  map  as  this,  hastily  and  cheaply  made,  it  is 
possible  to  plan  the  detailed  topographic  map,  limited  from  a 
few  yards  to  lOo  or  200  yards  in  width  and  covering  M'hat 
will  practically  be  the  final  route  of  the  located  line  as 
obtained  from  the  second  survey.     This  ^nai  dttai/r J  sur^*fy. 
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from  which  the  paper  location  is  to  be  taken,  should  be  on 
3k  scale  of  itom  1:500  up  to  i  :  1000  and  with  contours  of 
about  5  feet  interval,  more  or  less,  according  to  the  nature 
of  the  land.     There  is  plotted  on  the  plane-table  sheet  the 

'transit  and  level  base  line  previously  run  for  the  second 
survey,  and  the  instruments  now  used  by  the  topographer  are 

.of  a  more  accurate  nature,  consisting  of  a  plane-table  (Arts, 
58  and  83)  for  direction  and  mapping,  two  or  more  stadia 
rodmcn  for  distances  (Art.  102),  while  elevations  are  had 
by  \*^crtical  angles  with  the  alidade  (Art.  59).  On  this  final 
map  are  shown  much  the  same  topographic  details  as  on  the 
second,  but  alt  are  more  accurately  located  and  the  eleva- 
tions are  of  a  more  refined  nature*     The  data  furnished  by 

,  this  final  map  will   serve  all  tlie  purposes  of  making  a  last 

'  faptr  iocation  of  the  line,  from  which  the  engineer  will  in 
the  field  possibly  deviate  according  to  the  appearance  of  the 
route  traveled  as  presented  to  his  eye  when  the  location  is 
laid  down. 

Mr.  Wellington's  location  of  the  Jalapa  branch  of  the 
Mexican  Central  Railway  (Fig-  8)  is  an  excellent  example  of 

.  a  detailed  contour  topographic  map  for  railway  location* 
This  was  platted  in  the  field  on  the  scale  of  i  :  1000,  or  about 
Sji  feet  to    I   inch,   ^The  contour  interval  was  2  meters,   or 

[6.56  feet. 

22-  Detailed  Topographic  Surveys  for  Railway  Loca- 
tiOD* — Prior  to  making  the  lucation,  which  may  be  made  in 
part  from  the  notes  of  preliminary  surveys,  a  narrow  belt  of 
topography  should  be  mapped  in  detail,  its  width  being  re- 
stricted as  far  as  possible^  providing  the  preliminaries  have 
been  skillfully  conducted  or  have  been  preceded  by  a  small- 
scale  topographic  map  executed  with  especial  care  along  the 
possible  routes  of  the  location  (Art,  2i).  On  the  detailed 
topographic  map  a  f^pff  location  may  be  made,  from  which 
full  notes  of  the  alignment  can  be  derived,  the  points  of  curve 
and  tangent  taken  off,  and  a  profile  of  the  paper  location  pre* 
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pared.  For  the  making  of  the  paper  location  the  topography 
should  be  as  exact  and  the  contour  lines  should  be  as  accu- 
mldy  placed  as  the  scale  of  the  map  will  permit,  in  order  that 
a  line  may  be  located  upon  the  map  and  a  profile  called  off 
from  it  which  shall  agree  as  closely  as  possible  with  the  sub- 
sequent transit  location  and  spirit*lcvel  profile.  In  running 
the  field  location  from  a  paper  location,  the  projected  profile 
and  not  the  projected  alignment  must  be  run. 

In  making  such  a  map  it  is  neither  necessary  nor  possible 
locate  every  point  on  each  contour,  the  horizontal  and  ver- 
^caJ   locations  of  the  contours  being  at  such  distances  apart 
bat  their  projections  on  the  map  will   be  so  close  together 
liat  in  connecting  them  by  eye  in  the  field  the  topographer 
mnot  go  astray  by  an  appreciable  distance.     With  a  detailed 
>ntour  map  made  as  described  for  the  location  of  canals  (Art. 
Ij),  ^  grade  contour  or  location  line  may  be  drawn  which  will 
low  where  the  plane  of  the  roadbed  will  cut  the  natural  sur- 
ace  and  from  which  it  will  at  once  be  seen  whether  or  not  the 
^cation  is  the  most  favorable  the  topography  w^ill  permit. 

The  error  into  which  many  have  fallen  is  in  assuming  too 
luch  or  too  little  for  the  topography  as  a  guide  to  location. 
The  topographic  map  fails  to  show  many  essentials  requisite 
making  a  location,  as  it  gives  no  evidence  of  the  materials 
b€  encountered,  nor  does  it  convey  an  adequate  idea  of  the 
sa^flitude  of  the  excavations  and  fills.  The  topographic 
nap  must  be  supplemented  by  a  careful  visual  reconnaissance 
t»f  the  line  wdtch  it  covers.  Such  topography  should  there- 
3rc  be  restricted  in  its  width  and  amount^  and  no  attempt 
lould  be  made  to  make  a  final  location  from  such  a  map.  On 
the  other  hand,  where  a  topographic  map  is  not  made,  and  too 
much  reliance  is  placed  on  the  visual  reconnaissance  of  the 
>untry^  the  greatest  errors  are  at  once  introduced  in  encoun- 
Kring  a  bad  system  of  gradients,  in  overlooking  important 
>iniSt  or  in  otherwise  selecting  inappropriate  routes. 
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In  planning  the  location  un  a  detailed  topographic  map, 
the  engineer  should  begin  at  a  summit  or  similar  fixed  point, 
assuming  or  taking  from  a  guide-map  an  initial  elevation. 
Then  with  a  pair  of  dividers  he  iihould  step  off  such  distances 
that  these  \ki\\  correspond  to  the  grade  chosen  and  their 
termini  end  on  the  map  above  or  below  such  contours  as  will 
give  the  proper  differences  in  elevation  to  produce  such  grades* 
By  this  means  2i  grade  contour  can  be  sketched  in  on  the  map 
and  then  connected  by  tangent  lines.  The  latter  must,  in 
turn,  be  connected  by  throwing  in  curves  the  radii  of  which 
shall  be  as  large  as  possible,  care  being  taken  that  the  grades 
on  these  shall  be  properly  compensated.  With  such  a  paper 
location  it  is  then  possible,  by  means  of  scale  and  protractor, 
to  take  off  the  directions  and  distances  in  a  note-book,  when, 
jivith  these  as  a  guide,  the  located  line  may  be  run  on  the 
>und  and  changed  or  modified  in  the  field  as  the  visual 
observation  of  the  engineer  may  suggest. 

Speed  in  mapping  railway  topography  varies  greatly  with 
the  scale  selected  and  the  cliaracter  of  the  land  mapped. 
One  party  working  in  flat,  desert  country'  in  Utah  ran  20 
linear  miles  in  a  day  of  9  hours,  including  running  of  spirit- 
levels.  The  same  party  working  later  in  mountainous  country 
in  Washington  averaged  during  a  long  period  of  time  less  than 
\  mile  a  day,  in  one  instance  working  six  weeks  on  a  location 
through  i^  miles  of  canyon,  A  party  working  on  railway 
location  and  mapping  topography  on  the  plains  of  Kansas 
made  an  average  speed  of  2.1  miles  a  day  at  an  average  cost, 
including  all  expenses,  of  $11.03  P^^  linear  mile.  The  Utah 
work  averaged  about  $2.50  per  mile,  and  the  cost  of  much  of 
the  Washington  work  exceeded  $t 00.00  per  linear  mile. 

23.  Topographic  Survey  for  Canal  Location. — Surveys 
for  canal  lines  or  lines  of  conduits,  etc.,  are  best  made  by  having 
the  leveling  (Chap.  XV)  precede  the  plane-table  or  transit 
work.  The  level  will  then  run  out  a  grade  contour  having  the 
requisite  fall  per  mile,  and  the  transit  (Art.  %^^  or  plane-table 
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(Art.  S3)  with  chain  measurements  (Art*  99)  will  follow  the 
level,  locating  this  grade  contour.  Topography  may  be 
ken  on  either  side  by  stadia  (Art,  loi)  and  plane-table  so 
in  the  final  location  of  the  canal  the  prehminary  grade 
contour  may  be  shifted  to  suit  the  sketched  topography, 
mucli  as  the  line  of  a  railway  location  would  be  shifted  from 
similar  data  (Art.  22). 

An  interesting  example  of  a  detailed  topographic  survey 
for  the  final  location  af  an  irrigation  canal  is  that  made  by  Mr. 
,  B*  Lippincott  of  the  Santa  Ana  Canal,  through  a  rocky  can- 
n.     This    location   was  made    upon    a    carefully  prepared 
pographic  map  drawn  on  a  scale  of  50  feet  to  i  inch,  with 
ntour  interval  of  5  feet.     The  maps  were  plotted  from  cross- 
section  notes  based  on  two  connected  and  approximately  par- 
allel preliminar>^  lines,  the  contour  curves  being  sketched  in  the 
field   to  indicate   intervening   irregularities  of  surface.     The 
preliminary  controlling  lines  were  carefully  run  with  transit 

I  and  chain,  were  frequently  connected,  and  had  a  vertical  in- 
lerval  of  70  feet* ,  The  space  between  and  for  thirty  feet 
Ibovc  the  upper  line,  or  for  a  total  of  100  feet  vertically*  was 
larefully  contoured-  From  the  map  thus  prepared  a  more 
ttcttrate  cross- sectioning  was  made,  and  from  these  notes  a 
lew  contour  map  of  the  ground  was  prepared  on  a  scale  of  30 
feet  to  an  inch  over  the  more  difBcult  portions  of  the  line, 
after  a  preliminary  location  had  been  selected  on  the  first  con- 
lour  map.  Fig.  9  gives  a  plat  of  one  of  the  roughest  por- 
^Hions  of  this  line,  and  on  it  are  shown  in  small  circles  the 
P^arious  points  located  on  each  contour.  The  plane-table  was 
used  and  was  set  up  generally  as  shown  by  the  station  num- 
bers and  triangles  on  the  preliminary  and  plotted  traverses, 
and  directions  were  measured  to  stadia-rods  held  at  various 
ints  on  the  lo-foot  contour  lines  (Art.  10 1)*  The  posi- 
ns  of  the  contour  lines  at  these  points  were  therefore 
lotted,  and  the  corresponding  elevations  were  immediately 
connected  as  contour  lines  on  the  plane-table  sheet*     In  this 
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way  enough  points  were  located  on  each  contour  to  sufficiently 
control  it,  and  the  immediate  2-foot  contour  lines  were  in- 
terpolated by  eye  estimation  in  the  field. 

In  doing  this  work  three  various  methods  were  tried :  (j), 

by  locating  the  contour  lines  with  slope-board  and  rod ;   (2), 

locating  the  contours  at  right  angles  to  the  stations  occu- 

led   by  a  levelman  using  a  hand-level  (Art.  156);   and  {3), 

by  means  of  the  plane-table  and  stadia  (Art.  lOi).      Mr.  Lip- 

pincott  says  that  as  a  result  of  these  tests  there  is  no  question 

tween  the  quality  of  the  three  classes  of  work ;  that  without 

Jane-table  the  work  had  to  be  plotted  up  in  office  and  located 

points  connected  by  estimation  or  from  rough  sketches;   with 

the  plane-table  the  same   points  were  plotted   immediately^ 

the  field t  and  the  connections  between  these  made  with  the 

rranc  in  view,  and   that   the   resulting  map  by  plane-tablc 

much  more  accurately  expressed  tliQ  slopes  of  the  land  thaa 

did  the  maps  made  by  the  other  methods.      The  speed  by  the 

arious  methods  was  about  the  same.      The  party  consisted 

nerally  of  five  persons,  including  the  topographer,  levelman, 

and  rodman,  and  the  speed  was  from  2500  to  4000  linear  feet 

per  day»  actually  locating  four  lo-foot  contours  and  sketching 

in  five   or  six  more*  a  total  of   100  feet  vertical  interval,  and 

interpolating  the  2-foot  contours.     Where  side  canyons  and 

Kivines  were  passed  the  slope-board  was  found  to  be  entirely 
ladequate  and  helpless,  while  by  the    use  of  levelman  and 
and-level  without  the  plane-table,  and  with  taped  traverse 
imes,    the  conditions  were  improved,   but  the  work   was  of 
the  crudest  character  so  far  as  its  topographic  expression  was 
^^onccmed- 

^B  An  example  of  a  preliminary  topographic  survey  of  a 
^^mBinal  line^  made  under  the  author  with  plane-table  and  on  a 
^^mall  scale  to  determine  the  possibility  of  bringing  the  water 
from  a  stream  or  reservoir  to  certain  lands  for  purposes  of 
irrigation,  is  illustrated  in  Fig.  10.  The  scale  of  this  illus- 
tration   IS   denoted   by  the   land   section  lines,    each  section 
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bcmg  a  mile  on  a  side.     The  original  survey  was  made  on 

a  scale  of  3000  feet  lo  the  inch,  with  a  contour  interval  of  4 

feet.     The  plane-table  was  accompanied  by  u  spirit-level  to 

determine  grade,  in  order  that  the  canal  line  might  be  given 

the  required  fall  per  mile. 

I        24.  Surveys    for    Reservoirs, — In    making    surveys    of 

reservoirs  for  storage   of  water  for  city  water-supply  or  for 

•rngation  and  similar  purposes,  the  scale  and  contour  interval 

depend  necessarily  on  the  dimensions  of  the  reservoir.     The 

former  should  be  from  400  to  1000  feet  to  the  inch,  and  the 

I  latter   from   2    to    5    feet   vertical   interval.      Special   surveys 

^should  be  made  of  possible  sites  for  dams  and  waste- weirs  on 

larger  scales  and  with  a  contour  interval  of  i  or  2   feet,  and 

I  several  cross-sections  of  the  dam  site  should  be  run  and  the 

topography  taken  in  detail  for  a  sufficient  distance  above  and 

below  the  center  line.      If  sufficient  borings  or  trial-pits  arc 

f  sunk*    a  contour  map   of    the    foundation    material    may  be 

constructed. 

Perhaps  the  most  satisfactory  manner  of  making  surveys 
of  reservoir  sites  is  instanced  in  the  following  practical  ex- 
ample of    one   made   by  the    author.      A    standard   or    base 
transit  (Art.  87)  and  level  (Art.   129)  line   is  6rst  run  across 
the  dam   site,  carrying   the   same  a  little  above   the  highest 
possible  flow  line  of  the  reservoir.      From  this  should  start  a 
main  transit  and  level  line  which  should  follow  up  the  lowest 
or  drainage  line  of  the  reservoir   basin  (Fig,    n,  W,  /?,  6\ 
and   this   should  be   extended    until    it    reaches   an   elevation 
torrcsponding  to  that  of  the  highest  probable  flow  line  of  the 
dam*       Bench-marks   (Art.    135)  should   be   left  as   this   line 
progresses,  and  stadia  distances  measured  (Art,  102),  and  level 
elevations  taken  to  points  within  the  range  of  the  level-telc- 
Lscope»  as  at  ^,  i?,  etc.      Based  on  this  main  transit  and  level 
[line,  a  plane-table  and  stadia  line  (Art.  101),  accompanied  by 
'^spirit-leveling,  should   be   run  from   the  highest  flow  line  of 
the  dam  cross-section  around  tlic  corresponding  contour  line 
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ba  one  side  of  the  reservoir,  //,  /,  /,  etc,  and  i(  the  land 
•be  clear^  stadia  and  level  sights  may  be  taken  to  the  other 
contour  lines  within  tlie  range  of  the  instrument,  including 
sights  on  lines  of  equal  elevation  on  the  opposite  side  of  the 
reservoir  if  the  latter  be  small.  If  large,  however,  a  number 
of  flags  may  be  located  on  the  opposite  side  by  triangulation 
(Art.  73)  or  by  stadia  observations,  and  cross-section  lines  be 
run  to  these,  from  which  the  data  for  constructing  a  contour 
topographic  map  can  be  obtained  as  at  /  and  /., 

Another  example  of  a  reservoir  survey  is  illustrated  in 
Fig.  12,  which  is  a  portion  of  the  map  of  the  Jerome  Park 
reservoir  site  in  the  city  of  New  York,  and  was  platted  on  a 
scale  of  400  feet  to  the  inch  with  a  contour  interval  of  10  feet. 
From  such  a  map  it  is  possible  to  compute  the  contents  of  a 
reservoir  for  each  additional  five  feet  of  elevation^  and  on  it 
land  lines  and  property  lines  are  shown  in  such  manner  as  to 
indicate  the  damage  which  wilt  be  done  by  submergence. 

25.  Survey  of  Dam  Site. — A  typical  illustration  of  the 
typographic  map  resulting  from  the  survey  of  a  site  for  a 
dam  far  closing  a  storage  reservoir  is  shown  in  Fig,  13, 
This  survey  was  executed  with  a  plane-table  (Art.  73),  chain 
(Art.  99),  and  spirit-level  (Art.  [29)  on  a  field  scale  of  400 
feet  to  I  inch,  with  a  contour  interval  of  2  feet.  The  result 
of  such  a  topographic  survey  is  to  indicate  clearly  the  best 
alignment  for  the  dam,  providing  the  borings  which  must 
•necessarily  follow  the  selection  of  ^uch  alignment  prove  its 
feasibility. 

An  example  of  a  topographic  survey  executed  for  sele«i^ 
tion  of  a  site  for  a  weir  or  diversion  dam  in  a  river  is  that 
illustrated  in  PL  III.  This  shows  the  topography  of  the  flood- 
bed  of  the  Snake  River  between  its  high  bluff  banks,  as 
well  as  the  contouring  of  the  bed  of  the  river  as  shown  by 
soundings.  On  this  is  indicated  the  best  alignment  for  the 
diversion  weir  as  well  as  for  the  canal  head  and  head  works. 
The  field  work   of   the   survey  was   executed   with    transit. 
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Fig.  12. — Portion  of  the  Jerome  Park  Reservoir  STurvky.     New  Yori 
Scale  400  ft.  to  I  inch.     Contour  interval  10  ft. 
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plane-table,  chain,  stadia,  and  spirit-level  on  a  scale  of  200  feet 
to  I  inch,  with  a  contour  interval  of  2  feet. 

26.  City  Surveys. — Topographic  surveys  of  cities  are 
almost  invariably  made  in  conjunction  with  complete  cadastral 
sur\*eys  of  the  same,  and  usually  under  three  conditions: 

(i)  In  laying  out  a  plan  for  city  extension  or  in  making  a 
plan  for  a  projected  city  where  little  or  no  construction  of 
streets,  etc.,  exists; 

(2)  In  making  a  complete  survey  of  a  city  on  which  to 
plan  future  public  works  of  all  kinds;   and 

(3)  A  topographic  survey  of  a  city  may  be  made  merely 
for  the  sake  of  obtaining  the  resulting  map. 

An  example  of  the  first  class  of  city  topographic  survey  is 
that  for  the  survey  of  the  town  site  of  the  city  of  Allessandro, 
in  southern  Cahfornia.  Surv^eys  of  a  town  site  on  a  compar- 
atively level  tract  were  made  by  Mr.  J,  B.  LippincDtt  with 
such  detail  that  irregular  streets,  parks,  and  other  city  im- 
provements were  planned  on  the  resulting  topographic  map* 
The  eastern  portion  of  the  tract  mapped  had  a  general  rise  of 
about  one  foot  in  one  hundred »  the  roughness  increasing 
toward  the  west  until  broken  country  was  reached.  The 
contour  interval  was  one  foot,  and  the  scale  100  feet  to  the 
inch*  A  base  line  (Chap.  XXI)  was  projected  through  the 
centre  of  the  tract,  measured  with  care,  and  stakes  were  set 
at  every  500  feet.  At  each  20QO  feet  a  right  angle  was 
turned  off  and  lines  run  north  and  south  to  the  boundaries,  a 
large  stake  being  set  every  500  feet  on  these  lines.  After 
these  were  located,  two  transits  were  used,  one  on  the  base 
line  and  the  other  on  the  2000-foot  line,  and  the  remaining 
stakes  were  located  by  intersection  at  the  comers  of  the  500- 
foot  blocks.  Flags  were  placed  on  each  1000-foot  stake  for 
witness-stakes  and  to  orient  the  plane-table,  and  levels  were 
run  from  the  center  base  line  and  around  the  outside  of  the 
tract,  readings  being  taken  carefully  on  all  hubs. 

In  making  the  topographic  map  a  plane-table  was  used 
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(Art.  53)  and  a  spirit-Ievel  (Art.  130)  was  set  up  near  it,  the 
I  le%'clman  placing  two  rodmcn  along  distant  contours,  though 
was  sometimes  found  that  four  rodmcn  could  be  used  on 
[\^ous  contours.     The  plane-table  was  set  over  a  stake  and 
I  oriented  by  one  of  the  flags,  and  on  it  were  plotted  the  posi* 
[lions  of  the  rodmen  by  stadia  distances  (Art.  102),  and  thus 
Ithe  contours  were  sketched*     Sights  were  taken  in  the  more 
level  portions  of  the  country,  not  closer  than  50  or  farther 
than  100  feet  apart,  and  the  rodmen  were  placed  on  a  contour 
I  and  kept  upon  it  until  they  reached  a  distance  of  500  or  600 
I  feet  from  the  plane-table.      By  this  means  about  one  square 
mile  was  mapped  in  a  week  of  fair  weather.    Where  the  slope 
increased  toward  the  west,  2,  4,  or  5  feet  contours  only  were 
located*  and  the  others  interpolated  by  sketching.      Forty- 
seven  working  days  were  employed  in  mapping  3.25  square 
miles,  during   which  25,400  points  were  located,  or  7800  to 
the  mile,  the  cost  being  about  $300  per  square  raile. 

Of  the  second  class  of  city  surveys  the  two  most  promi- 
nent examples  are  those  of  the  cities  of  St.  Louis  and  Balti* 
more    (Art.    2j\     The    topographic    survey    of    the   city    of 
Washington,  made  by  the  U»  S.  Coast  and  Geodetic  Survey ^ 
is  an  example  of  the  third  and  unusual  class  of  city  survey. 
I  This  was  made  on  a  scale  of  1 :  4800,  and  covers  an  area  of  48 
I  square    miles.      The    result    is  a    topographic   map  pun*    and 
I  simple^  unaccompanied  by  the   placing  of  permanent  monu- 
ments or  the  recording  on   the  ground  of  accurate  measures, 
\  as  is  necessary  in  making   a  cadastral  survey  of  a  city.      This 
sur%*ey  was  based  on  a  minute  triangulation  (Chap.  XXV) 
while  all  the  details  of  the  topography  were  obtained  by  means 
of  the  plane-table  (Art.  53),   stadia  (Art.   loi),  and  Y  level 
'  (Art.  129).    The  contour  interval  was  5  feet,  and  these  contours 
were  based  on  lines  of  Y-leveling  run  along  all  roads,  avenues, 
and  railroads.     The  plane-table  stations  were  placed  so  close 
together  as  to  encompass  within  the  distance  from  station  to 
station  all  the  area  within  the  range  of  the  stadia.    No  system 
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of  precise  bench -marks  was  left  in  the  course  of  the  leveling, 
but  the  Y  level  was  freely  used  in  tracing  successive  contours 
upon  the  ground,  the  points  upon  each  contour  being  located 
by  stadia.  The  degree  of  refinement  of  this  survey  seems 
excessive  in  view  of  the  scale  of  the  map^  as  the  errors  of 
actual  location  of  the  contours  upon  the  map  would  greatly 
exceed  the  actual  errors  of  leveling;  moreover,  as  no  provis- 
ion was  made  for  continual  revision  of  the  maps  by  leaving 
easily  recognizable  monuments,  the  value  of  such  a  survey  is 
limited  by  the  many  changes  due  to  rapid  suburban  develop- 
ment, which  would  render  such  maps  out  of  date  within  a 
very  short  period  of  time. 

27.  Cadastral  and  Topographic  City  Survey.^ — ^The 
topographic  surveys  of  the  cities  of  Baltimore  and  St,  Louis 
wxre  made  in  conjunction  wnth  lomplete  tadastral sun^eys^  and 
show  all  property  lines »  widths  from  building  line  to  building 
line  in  all  streets^  dimensions,  and  other  incidental  data  rela- 
tive to  buildings,  both  public  and  private.  The  most  com- 
plete example  of  such  a  survey  is  that  furnished  by  the  city  of 
Baltimore.  This  was  based  on  a  system  of  tnangulation  ex- 
ecuted with  precision  (Chap.  XXV)  and  connected  with  a 
base  line  measured  with  much  care  with  a  30D-foot  steel  tape 
(Chap.  XXI).  This  triangidation  covers  54.7  square  miles, 
and  for  its  execution  required  several  high  observation-towers 
in  addition  to  existing  structures.  Between  the  located  tn- 
angulation points  was  an  adjusted  system  of  steel-tape 
traverse  lines  (Art.  87},  executed  in  such  number  that  no 
closed  circuit  of  traverse  exceeded  7500  feet  in  length.  By 
these  traverse  lines  there  were  located  3740  stations.  Pre- 
cise levels  (Art.  140)  were  run  over  an  area  of  29.51  square 
miles.  These  levels  included  14!  miles  of  duplicate  line,  in 
which  were  established  606  permanent  bench-marks,  while 
elevations  were  taken  at  every  street  intersection  by  ordinary 
Y  levels  (Art.  129).  The  primary  control  averaged  three 
tnangulation   stations   and    forty-two   traverse  stations   per 
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square  mile  in  the  Unbuilt  sections  of  the  city.  On  this 
keontrol  there  was  constructed  a  detailed  topographic  map  on 
la  ^ale  of  1  :  2400  and  with  contours  of  5  feet  vertical  inter- 
[%*al  <,Fig,  14).  In  the  execution  of  this  work  there  were  run 
ly  miles  of  stadia  traverse  and  Y  levels  and  of  taped 
^measurements  of  street  widths  and  building-line  dimensions^ 
etc* 

Three   methods  of  obtaining  topography  were  adopted : 
[i)  that  by  transit  and  stadia,  accompanied  by  notes  worked  up 
'and  plotted  in  the  office  ;   (2)  that  by  means  of  plane-table  and 
stadia^  with  complete  map  made  in  the  field  on  the  plane- table  ; 
and  (3)  that  by  transit  and  stadia^  with  notes  worked  up  and 
plotted  on  a  crude  drawing-board  in  the  field.     The  first  two 
imcthods  were  employed  in   surveying  only  small  areas,  and 
|werc  abandoned  successively  as  not  satisfactory.      The  third 
that  which   was   ultimately   employed    in    mapping   the 
Flarger  portion  of  the  city.      In  the  prosecution  of  this  latter 
method  of  work   high-grade   transits   with  fixed  stadia  wires 
and  vertical  and  horizontal  circles  reading  with  verniers  to  30 
cconds  were  employed.     All  notes,  as  rapidly  as  obtained  by 
'  measurement   and  by    angulation,    were    plotted    with    an    8 
inch    protractor  (Art.    89)  and    boxwood  scale    on   the    field 
Ira  wing' board.       Previously  there  had  been  plotted  on   the 
Ifield    sheets   the    primary   triangulation  and  primary  traverse 
llocations  (Chaps.    XXV  and    XXII I)  with  lengths  and    azi- 
rmuths  of  lines  joining    stations^    and    elevations    of   precise- 
level  bench-marks.       The   party  organization  consisted   of  a 
topographer,   a  recorder,    a  draftsman,  a   levehiian,    and    two 
stadtamen.      As  rapidly    as    the  topographer  read  azimuths, 
distances,  and  vertical  angles,  the  draftsman  plotted  the  same, 
and    the    recorder    worked    out    elevations  furnished    by  the 
topographer  and  the  levelman.      After  all  observations  had 
been  taken  and  the  horizontal  locations  and  elevations  plotted, 
Ithc  contours  were  drawn  in  on  the  field  board  by  the  topog- 
rapher, and  the  party  moved  to  the  next  station.     The  total 
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area  of  topographic  survey  was  32.2  square  miles,  in  which 
there  were  located  213  miles  of  streets  and  alleys,  1147  pre- 
cise points  were  occupied,  2520  stadia  stations  occupied,  and 
134,209  sights  were  taken,  the  average  being  10  per  acre. 

28.  Cost  of  Large-scale  Topographic  Surveys, — 
Special  topographic  surveys  are  usually  prosecuted  with  a 
view  to  showing  all  the  topographic  details  of  a  limited  area, 
and  are  executed  with  such  minuteness  that  the  resulting  map 
may  be  plotted  on  a  large  scale-  Not  uncommonly  such  sur- 
veys are  of  cadastral  thoroughness,  and  the  results  may  then 
be  plotted  on  such  a  scale  as  will  permit  of  showing  in  plan 
the  minutest  detail  of  houses  and  other  structures. 

Such  a  survey  is  the  British  Ordnance  survey,  plotted  on 
a  scale  of  1  :  2500,  and  the  topographic  and  cadastral  surveys 
of  the  cities  of  St.  Louis  and  Baltimore  (Art*  27).  Also 
topographic  surveys  for  railroads,  reservoirs,  etc.,  plotted 
usually  on  scales  of  400  to  1000  feet  to  one  inch  and  with 
2-foot  to  lofoot  contours  (Arts.  22  to  24),  on  which  property 
lines  arc  also  shown. 
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29.  Geographic  Surveys. — Tkit  object  of  a  geographic  sur- 
vey is  to  fix  the  relative  positions  of  points  en  the  surface  of 
the  earth  so  that  they  can  be  referred  accurately  to  a  tangent 
plane  and  be  therefore  independent  of  the  sphericity  of  the 
earth.  The  geographic  survey  of  an  extended  area  consists 
of  three  parts : 

1.  A  geodetic  survey,  which  permits  of  the  projection  of 
a  primary  system  of  controlling  points  on  such  a  tangent 
plane* 

2.  Of  a  plane  survey »  for  the  projection  of  a  system  of 
iiTtermediate  controlling  points  upon  the  same  plane  and 
adjusted  to  the  primary  system. 

3.  Of  a  hypsometric  survey,  for  the  determination  of  the 
distances  of  the  points  established  by  the  other  two  sur- 
veys above  or  below  an  assumed  datum  or  basal  plane  of 
elevation. 

The  results  of  a  geographic  sumey  are  presented- — 

K  In  a  geographic  map,  which  is  intended  to  give  as 
complete  an  image  of  the  area  surveyed  as  the  scale  of  rep* 
rcsentation  %vill  permit;   and 

2,  In  a  report  on  the  physical  and  statistical  characteris- 
tics of  the  region  surveyed. 

The  methods  employed  in  the  field  execution  of  the  geo- 
graphic survey  are  described  hereafter  under  various  titles. 
An  essential  preliminary  to  the  geographic  survey  is  a  ge- 
odetic survey  based  on  astronomic  positions,  and  the  mode 
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of  obtaining  this  fundamcntai  information  is  explained  in 
Parts  V  and  VL  With  such  primary  control  as  ts  furnished 
by  the  geodetic  survey  the  details  of  the  geographic  survey 
arc  executed  by  some  of  the  various  methods  explained  in 
Chapter  II  and  Part  II.  They  arc  essentially  similar  to 
those  employed  in  the  making  of  topographic  surveys,  diflfer- 
ing  therefrom  chiefly  in  the  employment  of  cruder  and  more 
rapid  methods.  Moreover,  the  amount  of  information  to  be 
gathered  is  more  scattered  and  less  detailed  than  that  pro- 
atreil  by  topographic  surveys,  because  the  scale  of  the 
resulting  map  is  smaller  and  therefore  will  not  permit  of  the 
representation  of  minor  details. 

30.  Instrumental  Methods  Employed  in  Geographic 
Surveys. — For  the  making  of  a  geographic  map  the  |>rimary 
control  must  be  executed  hy  i^codetic  nicthods»  which  need 
not  be  of  the  highest  degree  of  accuracy,  but  only  of  such 
quality  that  the  resulting  errors  will  not  be  appreciable  upon 
the  scale  of  the  map.  For  filling  in  the  intermediate  details 
the  most  useful  instrument  is  the  plane-table  (Chap,  VII), 
which  may  be  employed  for  the  execution  of  secondary  and 
tertiar>''  triangulation,  for  road  traverses  (Chaps.  IX  and  X)i 
and  as  a  sketch-board  on  which  to  fill  in  the  details  of 
topography  (Arts.   13,  15,  and  17). 

In  the  course  of  such  work  the  methods  employed  will  be 
of  a  crude  nature.  Signals  will  rarely  be  erected,  natural 
objects  being  sighted  both  in  the  tri angulation  and  in  the 
traverse,  and  the  number  of  stations  and  locations  will  be 
relatively  few  and  far  apart  one  from  the  other.  They  must, 
however,  be  fixed  with  such  accuracy  upon  the  scale  of  map 
that  there  will  be  at  least  two  or  three  located  points  to  each 
square  inch  of  map  surface.  Thus  on  a  map  scale  of  two 
miles  to  one  inch  there  may  be  an  average  of  less  than  one 
location  per  square  mile.  On  a  scale  of  four  miles  to  one 
inch  there  may  be  but  one  location  to  every  two  square 
miles.     Again,  on  the  latter  scale,  plane-table  stations  would, 
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under  favorable  circumstances,  be  placed  at  an  average  dis* 
tance  of  ten  miles  apart,  and  from  each  there  would  be 
sketched  an  approximate  area  of  one  hundred  square  miles. 
For  it  will  be  realized  that  on  the  scale  of  the  map  this 
implies  sketching  from  each  station  to  a  distance  from  one  to 
one  and  one-quarter  inches  in  each  direction  and  over  terri- 
tory  controlled  by  intermediate  locations  averaging  one-half 
inch  apart. 

The  intermediate  details  of  the  geographic  survey  ex- 
ecuted for  small-scale  maps  should  be  filled  in  by  the  ordi- 
nary traverse  methods,  performed,  however,  with  instruments 
fitted  only  for  the  execution  of  approximate  work.  Thus  a 
very  light  traverse  table  (Arts.  6i  and  6"^)  or  a  prismatic 
compass  (Art.  91)  should  be  used  for  directions,  while  distance 
may  be  obtained  by  wheel  (Art.  98)  or  pacing  (Art,  95). 
Elevations  will  be  determined  in  the  prosecution  of  a  geo* 
graphic  survey  of  this  character  by  several  methods,  the 
amount  of  basal  sptrit-leveling  (Chap.  XV)  being  of  the  very 
least,  perhaps  only  a  few  fundamental  elevations  per  map 
sheet.  The  more  important  elevations  will  be  obtained  by 
trigonometric  levels  of  primary  or  secondary  quality  (Chap. 
XVII),  and  the  larger  proportion  of  the  intermediate  eleva- 
tions will  be  obtained  by  mercurial  barometer  with  aneroid 
for  elevations  of  less  moment  (Arts.  170  and  174). 

31.  Geographic  Maps.— A  geographic  map  is  generally 
plotted  on  a  small  scale,  correspond mg  with  the  least  scales  of 
general  governmental  surveys  (Table  11),  and  the  limits  of  such 
scales  are  roughly  between  about  one  mile  to  one  inch  and  six 
miles  to  one  inch.  For  larger  scales  the  resulting  map  might 
•be  classed  as  topographic,  and  for  smaller  as  exploratory.  On 
geographic  maps  various  conventional  signs  (Art.  195)  are 
employed  to  represent  hydrography  or  drainage,  culture  or 
works  of  man,  and  relief  or  surface  undulations.  Such  drain*  ' 
age  features  as  streams,  lakes,  and  ocean  margins  as  may  be 
of  sufficient  size  to  permit  representation  on  the  scales  selected 
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are  shown.  Such  cultural  features  as  are  of  a  strictly  public 
nature,  as  railways,  the  more  important  highways,  cities,  and 
I  political  boundaries,  should  be  shown.  Surface  undulations 
should  be  clearly  represented  by  one  or  other  of  the  various 
conventions.     According   to  the   scale  of  the   map   and   the 


Fig,  15.— FixLO  Sketch  Map  made  on  Plank-table  in  AiJiSKA. 
E.  C.  Barnard*  Topographer,     Scale  4  miles  10  1  irich, 

quality  of  the  field  survey,  such  representation  may  be  by 
contour  lines  of  considerable  vertical  interviil,  by  sketch  or 
broken  contours  representing  relative  differences  of  relief, 
or  by  means  of  hachures  which  represent  in  a  conventional 
way  degrees  of  relief,  absolute  relief  being  shown  only  by 
I  written  figures  of  elevation. 

In  Fig.  15  IS  shown  a  portion  of  the  sketch  contour 
map  made  in  Alaska  by  E.  C,  Barnard  of  the  U.  S. 
Geological  Survey.  In  Fig.  16  the  same  map  is  shown 
after  it  has  been  drawn  up  in  office.  The  contour  interval 
of  this  is  200  feet,  and  the  scale  4  miles  to  one  inch.     Yet 
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these  &rc'  not  true  contours,  and  should  preferably  not  have 
been  represented  as  such»  since  the  amount  of  vertical  con* 


Fig.  r6> — Geographic  Costoir  Map  madk  i^rom  Fig.  15. 
Scale  4  miles  to  1  inch.     Contuur  intcrvat  200  feet. 

trol  was  too  small  to  ^ivc  that  exactness  implied  by  contour 
lines. 

32.  Features  Shown  on  Geographic  Maps. — A  geo- 
graphic map  should  show  with  sufficient  completeness  all  the 
important  topographic  features  of  the  area  surveyed.  It  should 
depict  especially  physiograpliic  peculiarities,  which  arc  the  key 
to  the  origin  of  topographic  forms.  It  will  thus  be  realized 
that  in  their  execution  the  geographer  should  have  a  clear 
knowledge  of  the  relations  of  geology  to  topography  (Art.  45). 

Accordingly  the  amount  of  the  instrumental  control  re* 
quired  will  be  the  minimum  which  will  permit  accurate  repre- 
sentation of  the  essential  and  predominant  features.  Between 
this  control  the  shape  and  positions  of  the  various  streams 
'may  be  sketched  in  such  a  manner  as  not  only  to  show  their 
direction,   but  their  changes  of  direction  as  determined   by 
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accidents  of  broken  or  displaced  <%t ratification  or  the  filopc  of 
the  surface  over  which  they  flow.  Moreover  the  map  will 
distinguish  between  the  rounded  slopes  of  a  synciinal  and  thc^ 
jibrupt  sides  and  angular  sections  of  an  anticlinal  gorge.  It 
will  show  at  a  glance  the  position  of  a  fault  in  the  stratifica^ 
tion  by  precipitous  slope  of  exposed  strata  on  one  side,  and, 
on  the  other  the  gentle  declivity  of  tilted  surface  rock.  It  i** 
thus  evident  that  the  geographer  must  be  largely  guided  in, 
his  depiction  of  the  terrane  by  his  knowledge  of  the  geologic 
structure,  so  that  the  resulting  map,  while  well  controlled  ia 
relative  place  by  instrumental  locations,  will,  because  of  the 
necessity  of  generalizing  topographic  forms  imposed  by  the 
small  scale  employed  (Chap»  VI  >,  bring  out  the  essentials 
or  keynotes  of  such  form  rather  than  permit  their  burial 
under  a  mass  of  detail  which  is  not  essential  to  the  purpose 
of  the  map. 

33,  Geographic  Reports. — The  smaller-scale  geographic 
maps  excculcd  by  governments,  and  in  a  few  instances  by 
railway  enterprises  in  connection  with  surveys  made  for  the 
gathering  of  general  information  relative  to  unexplored 
regions,  should  show  not  only  the  topography  of  the  region 
surveyed,  but  the  outlines  of  its  forested  areas*  Above  all  it 
should  be  accompanied  by  reports  on  all  those  scientific  and 
economic  facts  which  will  aid  in  developing  the  region  under 
examination.  Examples  of  such  surveys  arc  those  executed 
by  the  Hayden  survey  in  Colorado  and  Wyoming,  and  by 
the  Wheeler  survey  in  various  portions  of  the  United  States 
west  of  the  100th  meridian. 

In  both  the  resulting  maps  arc  based  on  geodetic  con* 
trol«  and  are  published  on  various  scales  according  to  the 
objects  of  the  survey-  In  the  case  of  the  Hayden  survey  a 
genera]  scale  of  four  miles  to  one  inch  was  adopted  (Fig.  20), 
and  differences  of  elevation  were  shown  approximately  by 
contours  liaving  an  interval  of  200  feet.  In  the  case  of 
the   Wheeler  survey   two    general    scales    of    four   {¥ig,    19) 
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giving  a  fair  idea  of  the  value  of  the  slopes  on  the  more  level 
surfaces. 

35,  Exploratory  Surveys. — One  of  the  essentials  of  an 
exploration  is  some  form  of  survey  which  shall  record  the 
appearance  of  the  country  traversed.  The  primary  requisite 
in  such  a  survey  is  some  means  of  measuring  directions  and 
distances  along  routes  of  travcL  A  well-equipped  expedition 
should  be  provided  with  several  varieties  of  instruments  for 
this  purpose  lest  some  be  lost  or  injured,  and  in  order  that 
those  best  suited  to  the  exigencies  of  the  case  may  be 
employed.  Sometimes  no  effort  is  made  to  fix  the  geo- 
graphic position  of  such  surveys,  but  ordinarily  and  where 
the  work  is  conducted  under  scientific  auspices  means  are 
provided  for  tlie  determination  of  latitude,  longitude,  and^ 
azimuth  by  simple  instruments  and  with  approximate  accuracy.  ^H 

Azimuths  may  be  measured  in  route  surveys  with  pris- 
matic compass,  or  by  means  of  a  light  plane-table,  or  with  a 
light  transit  (Arts.  91,  (>i^  and  85). 

Disianct'S  may  be  measured  by  stadia,  by  pacing,  by  timing 
the  gait  of  animals  or  of  a  boat  rowed  or  dnftingi  and  in 
extreme  cases  by  mere  eye  estimation  (Arts.  102,  95,  and  96), 

Where  the  exploration  is  of  a  compact  area  rather  than  of 
a  route  the  survey  may  be  best  executed  by  trigonometric 
methods  (Chap,  IX),  with  light  plane-table,  with  transit,  or 
by  photo-surveying  methods  (Chap.  XIV).  In  such  a  case 
elevations  may  be  conveniently  determined  by  vertical 
angulation  (Art.  160),  when  the  resulting  map  will  be  rather 
geographic  than  exploratory  in  quah'ty. 

Astronomic  position  is  determined  in  such  a  survey  by^J 
latitudes  observed  with  sextant,  and  longitudes  obtained  by^H 
chronometer  (Arts.  336  and  328),  or  by  lunar  photographs 
(Chap.  XXXVIl).  Azimuths  are  readily  obtainable  by  obser- 
vations on  polaris  w^th  theodolite  (Art.  312).  In  a  compact 
trigonometric  survey  several  careful  determinations  of  lati* 
tude,  longitude,  and  azimuth  made   at  one  point    only 
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3iecessaiy*  In  running  a  route  survey  latitudes  should  be 
obser\xd  at  distances  not  exceeding  fifty  miles,  longitudes 
frequently  as  convenient,  according  to  the  method,  and 
luths  on  nearly  every  clear  night. 

The  sourcts  of  error  in  such  a  crude  route  traverse  are  in 
the  measurement  of  directions  and  distances.  The  former 
will  be  but  slightly  in  error  for  tlie  small  scale  of  map  se- 
lected if  frequent  azimuths  are  observed.  Errors  in  dis- 
mce  will  be  fairly  well  compensated  by  the  observations 
made  for  latitude.  The  most  satisfactory  way  of  determining 
^ngitude  under  such  conditions  is  by  means  of  ships*  chro> 
lometers  read  at  the  point  at  which  the  expedition  starts  out, 
provided  that  be  on  the  seacoast  (Art,  328).  The  plotting 
the  final  map  will  aid  in  keeping  the  longitude  fairly  well 
check. 
Elevations  should  be  recorded  by  means  of  aneroid  ba- 
rometer (Art.  174),  and  the  eccentricities  of  this  may  be  kept 
check  by  carrying  a  cistern  mercurial  barometer,  which 
bould  be  read  hourly  at  each  camp  (Art.  I/OJ.  Where 
ie  circumstances  permit,  a  base  barometric  station  should  be 
established,  at  which  the  moving  barometer  should  be  com- 
pared with  the  stationary  standard,  and  the  latter  should  be 
ead  hourly  throughout  the  duration  of  the  expedition  in  or- 
tx  to  permit  of  a  reduction  of  the  synchronous  observations 
bf  the  moving  barometer  (Art.  169L 

36.  Exploratory  and  Geographic  Surveys  Compared. 
The  following  is  an  interesting  comparative  group  of  maps 
lust  rating  the  result  of  surveys  of  various  degrees  of  accu- 
zy\      Fig.   \*j  is  a  small  portion  of   the  sketch  map  accom- 
lying  the  report  of  Captain  Zebulon  Vl.  Pikei  and  made  in 
ISO/.      This  includes  the  headwaters  of  the   Platte  and  Ar- 
rivers  in  Colorado,  the  point  marked  *'  Highest  peak*' 
ing  the   summit  now  known  as   Pike's  Peak,  and  "  Block- 
Jiousc "    being   presumably   the    present  location  of    Canyon 
ity.      This  sketch  map  was  made  without  the  aid  of  instru- 
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nients,   and  is  entirely  uncontrolled  in   distance   or  direction 
other  than  bv  estimates. 


Fig.  17.— C apt.  Zebulon  Pike*s  Map  \bout  Pike's  Peak»  Colo.     1807. 

Fig.  1 8  is  a  small  portion  of  a  map  published  in  the  re- 
port of  Captain  J.  C,  Fremont  of  an  exploration  across  the 
Rocky  Mountains  in  1845.  Geographic  position  is  ap- 
proximately fixed  by  means  of  sextant  observ^ations  for  lati- 
tude, chronometer,  and  lunar  obscrv^ations  for  longitude,  and 
barometric  observations  for  height.  Between  these  sparsely 
scattered  astronomic  positions  directions  and  distances  are 
by  estimate  only,  the  route,  however,  being  sketched  at  the 
time  of  travel. 

Figs.  19  and  20  cover  small  portions  of  the  same  area 
on  the  west  slope  of  Pikc*s  Peak.     The  first  is  a  portion  of 
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the  U.  S,  Engineers'  geographic  map,  scale  of  four  miles  to  one 
inch,  and  made  between  1873  and  1876.  This  map  shows 
relative  relief  by  means  of  hachures>  actual  relief  being  shown 
only  by  figures  of  elevation,  the  result  of  barometric  or 
trigonometric  observations.  The  surveying  was  executed  by 
means  of  secondary  triangulation  with  transit,  expanded  from 


Flo.  t8*— Capt,  J,  C.  Fremont's  Map  ABOLtx  Pike's  Peak*  Colo.    1845, 

a  primar>^  triangulation  executed  with  theodolite  and  based  on 
an  astronomic  station  and  carefully  measured  base  line*  In- 
termediate details  were  sketched  in  from  the  secondary  trian- 
gulation stations  and  by  odometer  trav^erses  of  roads.  Fig. 
20  is  a  small  portion  of  the  Hayden  map  covering  the  same 
Larea.  This  is  a  geographic  map  also  on  a  scale  of  four  miles 
[to  the  one  and  executed  at  about  the  same  time  as  the  U.  S. 
Engineers'  map.     The  method  of  survey  was  practically  the 
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same,  but  many  more  elevations  were  determined  both  by 
barometric  and  trigonometric  methods,  and  from  these  approxi- 
mate contours  of  two  hundred  feet  interval  were  sketched, 
thus  giving  the  relief  with  greater  relative  accuracy. 

In  Figs.  21  and  22  are  shown  small  portions  of  the  same 
area  as  mapped  by  the  U.  S.  Geological  Survey,  the  first  in  1892 
and  the  second  in  1894.  Fig.  21  is  a  fragment  of  an  accurate 
geographic  map  on  a  scale  of  two  miles  to  one  inch,  and  w^ith 
differences  of  elevation  represented  by  contours  of  one  hun» 
dred  feet  interval.  Field-work  was  based  on  a  careful  primary 
triangulation  and  was  executed  by  means  of  plane-table  with 
telescopic  and  sight  alidade  for  direction  and  vertical  angula- 
tion, odometer  traverses  of  roads>  and  sufficient  spirit-leveling 
and  stadia  work  to  fill  in  the  details.  Fig.  22  is  a  large- 
scale  topographic  map  of  the  same  area  executed  on  a  scale  of 
I  :  25,ooo»  approximately  two  and  one-half  inches  toonemiley 
and  with  a  contour  interval  of  fifty  feet.  This  was  based  on 
a  plane-table  triangulation  and  spirit-leveling  accompanied  by 
stadia  traverses  and  intersections  for  both  vertical  and  hori- 
zontal detaiL 

37.  Methods  and  Examples  of  Exploratory  Surveys. 
^The  field* w^ork  of  exploratory  surveying  includes  the  making 
of  some  form  of  record  of  the  geography  of  the  country 
passed  over,  which  may  be  either  kept  in  note-books  and 
worked  up  in  office  or  may  be  drafted  in  the  field  upon  a  sketch 
plane-table*  Such  surveys  may  be  of  a  route  only,  especially 
where  the  course  traveled  is  the  bed  of  a  narrowly  confined 
stream,  or  through  w^oods  when  little  can  be  seen  of  the  sur- 
rounding country,  or  it  may  be  of  an  area  when  the  explorers 
are  traversing  open  countr>^  or  high  ridges  which  permit  of  an 
extended  outlook  over  the  region  surrounding  them* 

T\i^  personnel  0/  an  exploring  party  should  consist,  if  pos- 
sible, of  one  individual  qualified  to  conduct  any  form  of  sur- 
vey, be  it  by  transit,  plane-table,  compass^  stadia,  or  estimate, 
as  the  circumstances    may  demand,    and    also  competent  to 
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dctcrrntne  astronomic  position  by  transit,  sextant,  and  similar 

h  instruments.      In  addition,  at  least  one  other  member  of  the 

P  party  should  be  versed  in  the  sciences  of  gcolog^y  and  biology 

I     in  order  that  he  may  understand  how  to  collect  information  of 

■  the  mineral  resources,  the  flora  and  fauna  of  the  region  trav- 

'     Cfied.    A  photographic  camera  should  be  carried  for  record  of 

the  aspect  of  the  landscape  or  of  details  seen.     The  results  of 

the  work  of  this  member  of  the  party  will  accompany  the  map 

iji  the  form  of  an  illustrated  report. 

Two    examples    of    exploratory  surveys  are   illustrated   in 
Figs.   25,    24,   and   25.     The   first   is   that   of  a   route  trav- 
erse made   in  Alaska  in    189S   by  Mr,  W,  J.  Peters    of  the 
United  States  Geological  Survey,      This  is  the  first  authentic 
survey  of  that  region  and  was  made  with  plane-table  and  ali- 
dade for  directions,  transit  for  latitude,  and  distances  by  stadia 
and  pacing  on  the  portages,  and  time  and  eye  estimate  on  the 
water.      It  is  complete  in  that  it  shows  by  sketch  contours 
the  shapes  of  the  surrounding  hills  and  gives  from  hearsay  and 
Other  sources  some  of  the  detail  of  the  region  included  within 
the  route  of  exploration.      Fig,  24  is  the  final  office  drawing 
of  the  same. 

Fig.  25  is  an  exploratory  map,  not  of  a  route,  but  of  a 
compact  area  resulting  from  surveys  by  Mr.  Willard  D.  John- 
son of  the  U,  S»  Geological  Survey  for  the  Bureau  of  American 
Ethnology  in  the  year  1895.  This  survey  was  made  with  a 
light  traverse  plane-table,  oriented  by  compass  and  alidade* 
It  was  executed  by  plane-table  triangulation,  started  at  the 
intemattonal  boundary  line,  and  the  map  is  dependent  thereon, 
but  is  checked  by  the  coast  line  of  the  U,  S.  Hydrographic 
Survey.  The  area  mapped  covers  I0,000  square  miles.  The 
geographic  position  of  the  map  is  dependent  upon  the  work 
of  the  boundary  and  coast-line  surveys.  This  is  a  beautiful 
example  of  a  well*executed  sketch  map  by  an  expert  topog- 
rapher, although  but  sparsely  controlled  by  instrumental 
locations. 
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Fig*  24. — Exploratory  Roite  Survey,  Alaska*     Final  Drawing. 
Scale  10  mites  to  i  Inch.     Sketched  contour  inierval  100  feet. 
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CHAPTER  V. 

MILITARY   AND  CADASTRAL  SURVEYS, 

38.  Military  Maps. — Plane  maps  arc  sufficient  to  enable 
to  follow  the  opcratioh^  of  a  campaign,  but  for  plati- 
ng military  operations  detailed  topographic  maps  are  es- 
sentiaK  because  the  merest  trail  or  smallest  stream  or  valley 
or  undulation  of  the  ground  may  for  a  time  become  of  the 
greatest  importance  cither  for  offensive  or  defensive  pur- 
poses. 

To  serve  their  highest  purpose  as  military  maps,  there 
should  be  added  to  topographic  maps  all  the  information 
irding  the  country  which  will  aid  a  commander  and  other 
icers  in  moving  troops  and  transports,  subsisting  them, 
and  in  planning  and  executing  military  operations.  They 
should  not  only  give  all  information  concerning  configuration, 
hydrography*  and  ways  of  communication,  but  minor  details 
thereof^  as  height  of  low  ledges,  depth  of  shallow  gullies, 
I  width  and  depth  of  streams,  character  of  bed  and  banks, 
^surface  of  roads,  kind  and  strength  of  bridges,  etc. 

From  the  geographic  map  the  commanding  general 
plans  his  strategical  campaign,  selects  his  bases  of  supply 
and  the  roads  or  railroads  over  which  his  larger  military  units 
shall  move.  From  the  topographic  map  the  commander 
plans  his  daily  marches,  selects  his  battlefields  and  directs 
I  tactical  movements  thereon.  From  the  military  map  the 
junior  commander  selects  his  camping  places,  disposes  his 
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outposts  and   makes  his  tactical  movements  and  dispositto; 
for  battk. 

38a,  Military  Surveys. — Map  makinj^  for  military  usi 
calls  for  the  mnst  simple  problems  of  mathematical  su 
vcying,  rarely  has  recourse  to  j)liine  trigonometry,  and 
never  employs  the  principles  of  spherical  trigonometr 
because  the  areas  included  within  any  separate  map  shei 
are  smalL  Military  lopogi-aphy  is  in  fact  the  art  of  obtain- 
ing a  detailed  representation  of  but  a  moderate  extent  of 
the  earth*'^  surface.  The  resulting  map  should  exhibit  the 
important  lines  and  characteristic  objects  on  the  groun 
not  only  including  main  streams,  railways,  and  mountain! 
but  smaller  watercourses,  roads,  and  foot-paths,  houses, 
enclosures^  ditches,  excavations,  embankments,  fences, 
hedges,  walls,  and  the  minor  undulations  of  the  surface, 
especially  abrupt  ledges. 

The  preparation  of  t lie  military  map  consists  of  tw*o  oper" 
ations: 

1.  The  projection  in  proper  relative  position  on  a  plane 
surface  of  the  main  outlines  of  the  countr}^ ;   and 

2.  Of  leveling,    by   means   of  which   may  be  represent' 
the  slopes,  elevations,  and  deprt-ssions  of  the  ground 

In  addition  there  must  be  prepared  a  memoir  includ- 
ing essential  information  which  it  is  impossible  to  exhibit 
in  graphic  form,  such  as  kind  of  road,  its  surface  and 
state  of  repair,  descriptions  of  bridges,  character  of  their 
approaches,  depth  and  rapidity  of  current  in  watercou 
nature  of  bottom,  number  of  inhabitants,  supply  of  pr 
visions  and  animals,  water  supply,  forage,  camp  groun 
etc. 

The  basal  outline  map  upon  which  the  military^  topography 
is  to  be  exhibited  may  be  a  good  topographic  map,  which 
should  ordinarily  be  constructed  in  a  manner  similar  to  that 
described    for    the   making   of   small-scale    topographic 
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(Chap*  II).  Having  such  abase,  it  is  then  possible  to  enlarge 
it  ta  a  sufficient  scale  to  permit  of  representing  upon  it  those 
details  of  information  which  arc  essential  to  military*  maps, 
and  these  may  ordinarily  be  obtained  by  less  accurate 
nelhcKls  of  survey,  by  the  use  of  the  plane-table  or  cavalry 
sketch-board  (Arts,  57  and  64),  supplemented  by  odometer* 
stadta»  range-finder,  or  by  pacing  or  by  counting  the  paces  of 
A  horse  (Arts*  9S,  102,  1 17,  and  95).  With  such  instruments 
St  becomes  possible  to  sketch  on  the  base  majj  with  some 
accuracy  the  positions  of  the  hedges,  minor  watercourses, 
etc.,  and  to  enter  in  a  note-book  the  data  which  go  to  make 
up  the  memoir- 

That  form  of  surveying  which  produces  a  military  map 
may  be  classed  as  irregular  surveyings  and  consists  ordinarily 
of  rapid,  interrupted  journeys  having  for  their  object  the  repre- 
sentation of  the  natural  and  artificial  features  of  the  country 
with  the  maximum  exactitude  consistent  with  the  greatest 
rapidity  of  execution,  and  it  is  therefore  evident  tliat  they  arc 
based  upon  the  same  principle  as  are  more  elaborate  surveys 
(Art.  9).  The  differences  between  them  consist  chiefly  in  the 
use  of  more  portable  and  less  bulky  instruments,  in  the  substi- 
tution of  pacing  or  range-finding  for  the  chain,  and  often  in  the 
estimation  of  distances  and  details  by  the  eye.  Sucli  surveys 
arc  commenced  by  the  determination  of  principal  points  by 
triangulation  (Chap.  IX)  if  such  does  not  already  exist,  or  by 
identifying  triangulation  points  already  existing.  To  these 
triangulation  points  further  details  are  referred,  and  further 
irregular  surveys  are  planned  by  a  general  glance  at  the  field 
from  them.  Vertical  measurements,  which  are  essential  in 
the  representation  of  surface  slopes,  are  but  relative,  and  may 
be  best  had  by  the  use  of  the  aneroid. 

39,  Military  Reconnaissance  with  Guide  Map, — The 
following  examples  from  Captain  Willoughby  \'cnier  show 
the  mode  of  converting  a  small-scale  geographic  map  int*»  a 
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Fig.  26. — Skeleton  of  Roite  from  Best  Available  Map. 
After  Capt.  Willoughby  Verner.     Scale  li  inches  to  I  mile. 
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detailed  military  map.     In   Fig.  26  is  shown  the  outline  of 
Ithe  route  of  the  proposed  reconnaissance.     This  is  an  en- 
larged copy  of  road  and  drainage  crossings  taken  from  a  one* 
I  mile  British  ordnance  map.      In  the  following  figure  (No.  27) 
lis  shown  the  mode  of  filling  in  important  military  informa- 
ition  on  such  a  base,  the  notes  all  being  made  on  tlie  map  in 
the    course    of   a  quick  cavalry  ride.      In    Fig.   28  is    shown 
the  final  drawing  made  in  camp  from  the  notes  taken  on  the 
preceding  cavalry  sketch  map.     All  of  this  information  was 
obtained  without  the  use  of  instruments  other  than  a  sketch- 
board  carried  on  the  wrist  of  the  topographer, 

40«  Military  Reconnaissance  without  Guide  Map«^ 
In  Fig.  29,  taken  from  Wi  Hough  by  Verner,  is  show^n  a 
[portion  of  a  river  reconnaissance  on  the  Nile  executed  from  a 
river  steamer.  The  distances  were  reckoned  by  time,  and  the 
directions  by  magnetic  bearings.  The  important  military 
information  accompanying  this  is  in  the  form  of  marginal 
notes. 

An  extended  reconnaissance  sketch  was  made  in  the 
[Soudan  by  Captain  Verncr,  with  the  range-finder  for  distances* 
and  light  plane-table  board  for  directions.  This  was  more  than 
a  route  reconnaissance,  the  territory  covered  being  developed 
by  plane-table  triangulatioti  (Chap.  IX)  and  range-finder  (Art. 
116),  so  as  to  cover  a  fairly  extended  area  of  the  country. 
Such  reconnaissances  need  not  be  accompanied  by  memoir, 
since  all  necessary  notes  are  placed  upon  the  margin  of 
[the  map.  They  should,  however,  when  made  to  develop 
the  position  of  an  enemy,  be  accompanied  by  perspective 
sketches  similar  to  that  illustrated  in  Fig.  30. 

41.  Detailed  Military  Map, — In  many  of  the  more  im- 
portant operations  of  the  Civil  War,  such  as  the  final  action 
about  South  Mountain,  time  was  afforded  for  the  making  of 
careful  topographic  surveys  for  the  procurement  of  military 
information-      Advantage    was    taken    of    such    opportunity 
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Fig.  27. — Skeich  Route  ok  Fir..   26  Fii.lhd  in  with  Field  Notes, 
After  Capt.  Willoughby  Verncr. 
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Fig,  27.— Skbich  Routr  of  Frn.  2/^  Fii.Lrn  in  wjTti  Firld  Note 
After  Capi.  WiUnugbby  Wrner. 
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by  making  detailed  surveys*   in  which   roads  were  traversed 
with  transit  and   chain   or  odometer  (Arts.  87,  99,  and  98), 
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Fig.  31. — MiLiTAJiv  Map  of  Operations  ibolh"  Soi  tk  Mountain. 

elevations  measured  with  level  as  well  as  aneroid  (Arts,  129 
and  174),  and  the  resulting  map  gave  all  the  detail  of  relief 
and  cultivation  which  could  be  of  use  to  the  commanders* 
Fig*  31.  reprodyced  from  one  of  these  maps,  is  an  excellent 
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^xamplc  of  the  cliaractcr  of  detail  procured   in  making  such 
irveys. 

Where  a  numbt^r  of  persons  are  employed   in  surveying  a 
ion  not   prev'i<*U!ily  mapped,   accurate   resuTts   can   be  ob- 
iined  only  by  extension  first  of  a  brief  skeleton  triangula- 


I  u<.  ji.— MiLrrARV  SiEr.e  Map. 

Ion,  locating  a  number  of  conspicuous  points,  or  by  running 

few    ver\'  careful    trannit   and   chdin   traverses  of  important 

>iids.     This  control   laid  down   on  a  large  sheet  is  the  basis 

rf  the   survey,    securing    for   it   accuracy  independent    of  the 

linor  crrorj>  which  must  pervade  the  numerous  detailed  sur- 

cys    executed    with    inferior  instruments   and    in  haste    by 

several  officers  simultaneously.     Such  a  survey  can  be  made 
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in  great  detail  and  with  great  speed  by  dividing  the  arc 
many  smaller  ones  of  only  a  mile  or  so  square  each,  assigning 
one  such  to  each  surveyor,  and  then  adjusting  all  to  the  con- 
trol base.  Where  pressed  by  lack  of  time  or  protection  only 
the  crudest  sketching  implements  and  methods  can  be  em 
ployed,  and  the  survey  must  be  a  rapidly  executed  sketch 
accompanied  by  memoranda  of  the  country  immediately  ad« 
joining  the  line  of  march. 

42.  Military  Siege  Maps* — In  siege  operations  sketch 
maps,  photographs,  and,  when  possible,  more  accurate  sur- 
veys based  on  instrumental  observations,  are  made  of  the 
position  attacked.  These,  so  far  as  possible,  arc  executed  in 
such  detail  as  to  show  not  only  the  immediate  surroundings 
with  a  view  to  their  availability  for  the  purposes  of  the  attack, 
but  especially  the  details  of  fortified  places  in  order  to  develop 
their  weak  points  and  their  strength.  Fig.  32,  reproduced 
from  maps  accompanying  the  Records  of  the  War  of  the  Re- 
bellion, is  a  map  of  this  sort  executed  during  the  siege  of 
Spanish  Fort. 

43.  Military  Sketches  and  Memoirs. — Information  must 
be  procured  from  the  inhabitants,  spies,  or  other  sources,  and 
the  military  map  filled  out  as  well  as  may  be  from  verbal 
descriptions.  Ittneraries  of  routes  should  be  plotted  and  kept 
in  memoir  form  for  the  guidance  of  bodies  or  troops  in  march- 
ing, and  for  resting  and  camping  places  for  convoys  and  supply 
trains.  In  the  memoir  various  streams  must  be  noted,  their 
number,  position,  depth,  banks,  fords,  bridges  etc.  :  ponds, 
marshes,  canals,  and  springs  must  all  be  described,  with  a  state- 
meat  as  to  how  they  are  formed,  whether  subject  to  overflow, 
and  if  crossed  by  roads,  how  and  where.  Bodies  of  woodland 
and  forest  must  be  described,  as  to  their  shapes,  positions, 
etc.  The  classes  of  roads,  their  condition,  facilities  for 
passage  of  heavy  wagons  or  troops,  and  for  repair  must  also^ 
be  noted. 
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Villages  and  fortified  places  must  be  described,  with 
notes  of  houses,  materials  of  construction,  supply  depots, 
work-shops,  waterworks,  blacksmith-shops,  mills,  and  fortifi- 
cations. Statistics  must  also  be  gathered  of  modes  of 
transportation  of  horses,  w^agons,  cattle,  sheep,  etc.,  also 
of  available  provisions,  including  corn  and  hay  for  forage. 
Mountains  and  hills  must  be  described,  with  regard  to  their 
continuity,  direction,  nature  of  slopes,  how  covered,  their 
area;  also  whether  rocky  or  smooth,  practical  for  occupation 
by  either  arm  of  the  service,  and  if  so,  where;  also,  the 
passes  across  them,  their  relation  to  the  main  chain  or  ridge, 
etc.,  etc. 

44,  Cadastral  Surveys. — This  class  of  surveys  takes  no 
account  of  the  surface  of  the  earth  outside  of  the  limited  area 
covered  by  the  tmmedtate  route  touched  in  the  actual  process 
of  fixing  located  points  upon  it.  A  cadastral  survey  is  firost- 
ird  for  the  sole  purpose  of  determining  political  or  property 

nes,    and    merges   on    the   one  hand    into    surveys   crudely 
executed  with  chain  and  compass  (Arts.  99  and  9]),  and  on 
the   other   hand    into    field     methods   of   the    most    refined 
odetic  nature  (Art.  201).      Cadastral  surveys  are  mentioned 

etc  because  they  are  frequently  made  with  such  thoroughness 
as  to  result  in  the  production  of  a  topographic  map  of  the 
entire  area  inclosed  within  the  boundary  hnes* 

The  word  cadastral  is  one  which  is  not  familiarly  used  in 
surveying  nomenclature  and  the  meaning  of  which  is  variously 
and  frequently  erroneously  interpreted.  It  is  probably  of 
French  origin  and  was  apparently  first  applied  with  any  defi- 
niteness  at  the  statistical  conference  held  in  Brussels  in  1853, 
as  referring  to  national  maps  on  very  large  scales,  approxi- 
mating I  12500.  At  the  same  time  the  term  **  tableau  d'as- 
semblage**  was  applied  to  large-scale  general  maps  of,  sayp 
about  1 :  1 0,000 »  The  word  cadastre  has  been  accepted  in 
Great   Britain   as  being  referred   to  a  map  or  survey   on    a 
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larj^e  scale,  because  the  scale  of  the  map  corresponds  with  a 
cadrer,  being  that  scale  in  nature  which  will  permit  of 
representing  accurately  the  width  of  a  road  and  the  dimensions 
of  a  building.  More  recently  on  the  Continent  the  expres- 
sion *' cadastral  survey"  is  applied  to  a  plan  from  which  the 
area  of  land  may  be  computed  and  from  which  its  revenue 
may  be  valued. 

As  now  more  generally  understood,  a  cadastral  survey  \s 
one  which  includes  several  of  the  above  features.  It  is  not  a 
topuj^raphic  survey  for  representation  of  a  terrane  on  a  verj' 
large  scale,  nor  is  it  any  form  of  a  topographic  survey,  as 
defined  by  the  English  interpretation  of  the  meaning  of 
the  word  cadrer.  It  is  essentially  a  property  survey  as  ex- 
pressed in  the  more  recent  Continental  definition,  but  it  is  ex- 
ecuted not  only  that  the  areas  of  lands  may  be  computed  for 
the  valuation  of  revenue,  but  also  and  primarily  for  the  pur- 
pose of  fixing  public  and  private  property  lines  by  marks  and 
monuments.  A  secondary  result  of  a  cadastral  survey  of 
such  thoroughness  as  to  closely  cover  the  entire  area  is  the 
procurement  of  such  notes  as  will  permit  of  the  making  of  a 
large-scale  topographic  map,  such  as  would  come  under  the 
British  or  Brussels  definition.  Examples  of  topographic 
maps  resulting  from  or  executed  in  the  progress  of  cadastral 
surveys  are  instanced  in  Article  27,  describing  the  surveys  of 
the  cities  of  Baltimore  and  St.  Louis.  In  both  of  these  cases 
the  cadastral  surveys  are  based  on  control  of  geodetic  ac- 
curacy. 

Near  the  other  extreme  are  the  cadastral  surveys  executed 
under  the  directifjn  of  the  U.  S,  Land  Office  in  the  subdi* 
vision  of  the  public  lands  of  the  West.  The  primary  object 
of  these  surveys  is  the  division  of  the  public  lands  into  areas 
called  townships  and  sections  by  means  of  comparatively 
crude  transit  and  chain  traverses  (Art.  87).  The  result  is  de- 
picted in  maps  or  plots  showing  the  property  outlines  with 
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ilicir  dimensions.     A  secondary-  result    is  the  furnishing  of 
data  for  the  computation  of  the  areas  of  the  various  subdi- 


s.  33- — Cadastral  Map  of  U*  S,  Public  Land  Survey,    Inehatk 
Tbrkmoky. 
Original  scale  2  inches  to  i  mile. 

istons.  A  tertiary  result  is  the  representation  of  theterranc 
>v'ercd  by  a  crude  topographic  map  of  such  quality  as  to  be 
Exploratory  only  in  its  accuracy.  The  only  information  ac- 
curately depicted  on  such  maps  is  that  lying  immediately 
idcr  the  route  covered  by  the  boundary  survey,  the  infor- 
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matton  contained  between  such  traverse  lines  being  largely 
interpolated  by  estimation  and  guess. 

Another  step  toward  the  attainment  of  a  higher  grade  of 
cadastral  survey  in  the  subdivision  of  the  public  lands  is  in- 
stanced by  the  mode  of  subdivision  employed  in  the  public- 
land  surveys  of  the  Indian  Territory  as  executed  by  the  U.  S, 
Geological  Survey  (Fig.  33).  In  addition  to  being  performed 
in  a  manner  similar  to  that  of  other  public'land  surveys,  these 
surveys  are  controlled  and  checked  by  means  of  a  geodetic 
survey  executed  by  trigonometric  methods,  thus  giving  it  a 
far  more  permanent  character  and  fixing  with  accuracy  its 
position  upon  the  face  of  the  earth.  Moreover,  the  resulting 
map  is  a  true  topographic  or  geographic  map,  because  the 
terrane  between  the  property  lines  was  surveyed  and  its  eleva- 
tions determined  as  an  adjunct  to  the  execution  of  the  cadas- 
tral survey, 

A  still  more  accurate  cadastral  survey  prosecuted  solely 
for  the  purpose  of  marking  political  boundary  lines  is  that 
executed  by  the  Massachusetts  Topographic  Commission. 
The  purpose  of  this  survey  is  the  demarkation  with  exact- 
itude upon  the  ground-surface  of  town  and  county  boundary 
lines.  The  field-work  of  this  survey  is  based  upon  and 
controlled  by  a  trigonometrical  survey  of  geodetic  accuracy* 
and  as  a  result  the  positions  of  the  various  monuments  and 
their  connecting  lines  are  fixed  on  the  surface  of  the  earth 
in  proper  astronomic  position.  The  primar)'  result  of  this 
survey  is  the  accurate  demarkation  of  the  boundaries.  A 
secondary  result  is  the  procurement  of  data  by  which  the 
exact  area  of  each  township  may  be  computed.  The  amount 
of  data  gathered,  however,  does  not  permit  of  the  mak- 
ing of  a  topographic  map  of  the  area  included  within  the 
bounds. 
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Table  III. 

SCALE  AND  COST  OF  CADASTRAL  SURVEYS. 


Conntry. 

Scale. 

Relief. 

Cost  per  sq.  mi. 

C^reat     Britain;    Ord- 

nance Survey 

1:2,500 

Hacbures    and 

contours 

$    294.00 

City  of  St.  Loais,  Mo. 

(Cadastral). . .    .... 

1:2,400 

Contours  3  ft. 

739.00 

<:ity     of     Baltimore, 

Md.  (Cadastral).... 

1:2,400 

««        .   «< 

4070.00 

X>iiblic    Land    Sabdi- 

▼isions,  U.  S.  G.  S. 

1:31,680 

••        50  •• 

31.00 

CHAPTER    VI. 
TOPOGRAPHIC   FORMS. 

45-  Relations  of  Geology  to  Topography. — ^The  claim  is 
not  infrequently  made  by  geologists  that  a  knowledge  of  this 
science  is  essential  to  the  topographer  in  the  prosecution  of 
his  work.  On  the  other  hand,  the  not  infrequent  contention 
of  the  topographer  is  that  no  amount  of  knowledge  of  the 
sciences  will  add  one  jot  to  his  ability  to  accurately  represent 
the  topography.  Both  contentions  are  correct  under  various 
circumstances,  dependent  upon  the  purpose  of  the  resulting 
map  and  the  accuracy  desired.  A  knaiviedge  of  geology  may 
influence  the  plans  but  not  the  operations  of  a  topographic 
survey.  It  may  aid  in  the  execution  of  the  topography,  but 
cannot  exercise  a  control  over  it.  It  has  been  stated  by  a 
topographer  that  the  sphere  of  the  sciences  is  to  follow  after 
topographic  surveying  and  not  to  precede  it;  that  they 
furnish  resulting  utilities  dependent  upon  the  topography, 
but  are  not  essential  factors  controlling  its  method.  This 
latter  view  is  no  more  correct  than  the  former. 

Where  topographic  surveying  is  to  be  executed  with  only 
one  or  two  specific  objects  in  view,  as  the  furnishing  of  a  base 
map  for  a  geologic  survey,  or  of  a  small-scale  topographic 
map  for  general  uses  as  a  guide  or  sketch  map,  a  knowledge  of 
tlic  science  of  geology  may  be  of  the  greatest  utility.  Under 
such  circumstances  the  greatest  accuracy  is  not  essential,  and 
such  accuracy  as  is  required  the  topographer  will  attain.  His 
work  may,  however,  be  greatly  facilitated,  and  the  expression 
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of  the  resulting  map  improved,  if  he  has  sufficient  knowledge 
of  both  geography  and  of  geology  to  appreciate  the  origin 

the  topographic  fomis  vvhicli  he  is  sketching,  and  the 
\y  in  which  the  various  rocks  have  been  upheaved,  eroded, 
folded,  or  deposited.  By  a  careful  study  of  such  forms  as 
he  first  encounters  the  topographer  is  able  to  bring  out  wiili 
Ic&s  effort  the  same  characteristics  in  such  similar  formations 
as  he  may  encounter  as  his  work  progresses. 

On  the  other  hand,  if  the  survey  is  to  result  in  an  ticcuraie 
t&p&graphic  map  useful  as  a  base-map  for  all  scientific  and  en- 
gineering purposes,  the  topographer  must  obtain  such  amount 
of  control,  and  must  see  at  such  close  range  everj'  feature 
which  he  sketches,  that  any  amount  of  knowledge  of  geology 
or  geography  will  add  little  to  the  quality  of  his  representa* 
tion  of  the  terranc  or  the  accuracy  ^vith  which  the  result  is 
depicted.      If  his  work  is  done  with  that  detail  which   is  es- 

tial  to  the  making  of  an  accurate  map.  he  will  locate  con- 
%>urs  with  such  frequency  that  the  resulting  map  will  depict 
them  as  they  actually  exist,  regardless  of  theories  as  to 
the  origin  of  the  forms  sketched.  Such  a  map  is  a  topo- 
graphic map  per  se.  It  is  the  mother  map,  and  from  a  study 
of  it  the  geologist  or  geographer  learns  to  interpret  the  origin 
of  topographic  forms  and  is  enabled  to  devise  a  correct  scien* 
tific  hypothesis, 

46.  Origin  and  Development  of  Topographic  Forms. — 
A  knowledgtr  of  the  laws  governing  the  origin  and  develop- 
ment of  topographic  forms  is  desirable  in  those  who  would 
intelligently  depict  them.  The  new  topographic  method 
demands  such  a  knowledge  in  order  that  the  surveyor  may 
attain  the  highest  skill,  not  only  in  the  representation  of  the 
relief,  but  in  the  speed  and  methods,  and  consequently  the  cost, 
of  such  representation.  The  various  rules  forthe  classification 
of  topographic  forms  hold  good  only  in  limited  areas,  and 
arc  subject  to  so  many  exceptions  that  any  attempt  at  their 
general  application  utterly  fails.     Nevertheless  a  knowledge 


110 


TOPOCRAPHIC  FORMS. 


of  these  may  frequently  aid  in  mapping  a  region  to  which 
they  are  found  to  apply. 

Prof.  John  C.  Branner  has  aptly  described  topography 
the  '*  expression  af  geologic  structure^  much  as  the  outlines  of 
the  human  body  express  anatomical  structure."  As  topo- 
graphic form  is  the  resultant  of  eroding  agencies  and  the  re- 
sistance of  rocks,  their  study,  he  says,  belongs  fundamentally 
to  the  province  of  geology.  It  follows  that  for  a  thorough 
understanding  of  topographic  forms  the  surveyor  should  ha 
a  knowledge  of  geology.  This  is  true  in  topographic  surve; 
ing,  because  a  large  part  of  eveiy  map  must  be  sketched  ti 
(Arts.  9  and  (3),  and  this  sketching  cannot  be  properly  doi 
unless  the  surveyor  possesses  some  knowledge  of  the  form 
lions  which  he  is  depicting.  Unless  he  knows  what  to  look  f< 
he  does  not  find  it  all,  but  only  apart  of  it;  consequently  it 
of  importance  to  the  topographer  that  he  should  know  what 
kind  of  topography  to  expect »  and  to  this  end  the  more  he 
knows  of  the  materials  in  which  the  topography  is  carved,  aiid 
the  agencies  which  shaped  it,  the  clearer  will  be  his  insight  and 
the  less  the  waste  of  energy  and  time  required  for  the  repre- 
sentation of  the  relief. 

47.  Physiographic  Processes. — Before  an  intelligent  uh; 
derstanding  can  be  had  of  the  origin  of  topographic  forms 
must    first  look  to    the    processes    in   nature  by  which  su 
forms  are  created.     Major  J »  W,  Powell  defines  Physiograp. 
as  a  description  of  the  surface  features  of  the  earth,  and  a 
study  of   Physiography  as  including  an  explanation  of  their 
origin. 

The  earth  has  three  moving  envelopes : 

I .   The  atmosphere  which  covers  it  to  a  great  depth ; 

2*  Water,    which   covers  more    than  three-fourths  of 
surface;  and 

3.  A  garment  of  rock 

There   are   two   general   classes   of  topographic   agencii 
which   may  be  called  constructive  and  destrjutive.     An  ex- 
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^mple  o(  the  former  is  a  volcanic  cone  built  of  ejecta  from 
tJie  vent  of  a  volcano  which  may  have  burst  forth  upon  a  level 
plain »    or  of   a  plain  resulting  from  the  flow  of  fluid  lavas^ 
Avhich  form  a  flat  surface  by  filling  up  existing  irregularities. 
The  destruciive  agencies^  chief  among  which  are  erosion  by 
running  water,  wave  action,  wind,  and  frost,  would  be  illus- 
trated by  a  part  of  the  ocean's  bottom,  which  being  uncovered 
and  left  as  dry  land  would  possess  certain  irregularities,  but  of 
a  smoothcd-out  and   easily  rolling  character.      Erosion    and 
wave  action  soon  begin  to  attack  such  a  surface  and  to  cut 
stream-beds  and  produce  topographic  forms  altogether  differ- 
ent from  its  original  surface. 

Among  the  chief  constructive  agencies  are: 

1.  Disastraphic  processes  by  which   regions  sink  and  rise; 

2.  Vuicantc  processes,  due  to  ejectment  from  rent??  in  the 
carth^s  surface  of  material  brought  from  the  interior. 

Among  the  chief  of  the  destructive  agencies  are : 

1,  Aqueous  erosion,  due  to  water  flowing  over  the  surface 
of  the  earth,  as  from  rain,  springs,  or  streams; 

2,  Aerial  erosion^  from  wind-driven  sand; 
CorrasioH,  due  to  ripple  and  wave  action  and  to  gla« 
and 
Disintegration^  due  to  changes  in  temperature  and  to 


3- 

cters; 

frost. 


Horizontal  changes  are  produced  primarily  by  aqueous 
agencies,  and  the  action  of  water  is  the  chief  agency  in 
shaping  topographic  forms.  Aqueous  agencies  act  by  erosion, 
transportation,  and  corrasion,  and  of  these  erosion  has  pro- 
duced nine-tenths  of  the  topographic  forms  in  the  United 
States.  To  the  topographer  the  forms  produced  by  aqueous 
erosion  are  those  commonly  seen,  and  have  been  classed  by 
Mr.  Henry  Gannett  as  regular  forms,  while  those  shaped  by 
other  agencies  he  calls  irregular.  Aqueous  erosion,  being 
produced  by  simple  actions  of  a  kind  which  can  be  seen  and 
comprehended,  produces  forms  which  can  be  to  a  certain  ex* 
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tent  predicted  or  foreseen.  The  forms  produced  by  other 
agencies,  being  unseen,  can  rarely  be  predicted.  Such  agen- 
cies have  produced  the  complicated  system  of  mountain-folds 
of  the  Appalachian  region*  Acting  on  these  complicated 
forms,  aqueous  erosion  has  in  the  same  regions  produced  a  re- 
markably complex  drainage  system. 

48.  Classification  of  Physiographic  Processes. — Physio* 
graphic  processes^  by  which  is  meant  the  operations  of  nature 
by  which  topographic  forms  are  produced,  may  be  divided 
into  four  classes : 

1.  Diastrophism, 

2.  Vukanism, 

3.  Weathering, 

4.  Gradation. 

These  various  primary  physiographic  processes  have  been 
well  classified  by  Doctor  C.  Willard  Hayes  in  the  following 
tabular  form : 


1.  Diastrifphism^ 

1.  Tangential  forces*  producing  deformations  of  the  strata* 

2.  Radial  forces,  producing  vertical  oscillations. 

II,   Vukanism, 

r.  Intrusions, 

(t)   Plutonic  plugs. 

(2)  Laccoliics, 

(3)  Volcanic  necks. 

(4)  Dikes. 


2.  Eruptions. 

(t)  Lava  f!ows. 

(2)  Explosive  ejections. 


IIL   Wiathtrin^. 

1.  Agencies,  Chemical, 
(i)  Hydration, 

(2)  Ojcydation, 

(3)  Solution* 
S.  Conditions. 

(1)  Altitude. 

(2)  Temperature. 

(3)  Humidity, 


Agencies,  MechanicaL 
(ij  Heat. 

(2)  Moisture. 

(3)  Vegetation. 

3.  Effects  upon,      [amorphic  rocks. 
([)  Igneous  and  crystalline  tnet'< 

(2)  Calcareous  rocks. 

(3)  Argillaceous  rocks. 

(4)  Siliceous  rocks. 
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I,  Agcncirs, 


(t)  Running  water, 
a.  Erosion, 
^.   Corrasion. 
c,    Planation. 
Processes. 

(i)  Disintegration. 
a,  Cliemical. 
^.  MechanicaL 


(2)  Glaciers. 
(3j  Winds. 


(2)  Transportation. 

a.  By  solution. 

b.  By  suspension. 

c.  By  rolting. 


(3)  Deposition. 

a.  Alluviation. 
t,  Sedimeniation, 
£.   Chemical  precipitation. 
y  Conditions  modifying  Gradation. 

(i)  Rainfall  (2)  Declivity— effect  on, 

a*  Amount.  ir  Corrasion. 

^,   Distribution.  b.   Transportation, 

(3)  Vegetation — effect  on. 
<i.  Erosion. 
b.    RainfalU 
Dfainage  development. 

(i)  The  normal  cycle — characteristics  of. 

a.  Youth,  b.  Maturity.  c.  Old  age, 

(3)  Consequent  streams — courses  determined; 
a.  By  accidental  irregularities. 
6,  By  deformation  before  emergence. 
c.  By  deformation  after  emergence, 

(3)  Antecedent  streams. 

(4)  Superimposed  streams ; 
a.  From  unconformable  horizontal  strata* 
t.  From  planation  and  alluvial  deposits. 

(5)  Subsequent  streams, 

A.  Conditions  favoring  stream  adjustmenti. 
a.  Successive  periods  of  base  leveling. 
^.  Strata  of  diverse  resistance. 

c.  Folded  structure. 

d.  Local  deformations  of  base  level, 

B,  Process  of  stream  diversion. 

49.  Erosion^  Transportation,  and  Corrasion The  era- 

nve  aclwH  of  water  on  rocks  has  been  enormous  in  amount 
and  has  continued  through  such  extended  periods  of  time  a 
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to  carve  the  giant  ranges  of  Colorado  from  enormous  plateaus. 
From  these  plateaus  the  drainage  systems  of  the  Colorado 
and  Arkansas  rivers  have  been  worn  away  to  such  depths  as 
to  produce  canyons  and  cliffs  of  thousands  of  feet  in  depth 
(Fig.  34)w  The  action  of  water  through  weathering  is  itlustrated 
in  the  disintegration  of  rock  and  its  conversion  into  soil. 
Transportation  has  carried  the  material  thus  loosened.  In  the 
movement  of  this  transported  material  by  streams  it  has  cor* 
raded  other  materials  from  their  channels.  It  is  thus  seen  that 
corraiion  is  effected  by  the  detritus  which  running  water  holds 
in  suspension.  The  rate  of  corrasion  is  increased  in  propor- 
tion to  the  volume  of  the  stream,  its  velocity,  and  the  amount 
of  detritus  borne,  as  well  as  by  the  coarseness  of  that  detritus* 

If  a  stream  have  its  source  at  a  high  altitude  and  be  as* 
sumed  to  have  a  uniform  slope  thence  to  its  mouth,  its  vol- 
ume, velocity,  and  amount  of  detritus  borne  will  be  greatest 
near  its  mouth,  and  there  corrasion  will  be  most  rapid.  Asa 
result  the  slope  of  the  stream  will  be  reduced  rapidly  near  its 
mouth,  producing  as  a  normal  profile  of  its  bed  a  carve  con- 
cave  fipward.  While  the  slope  of  the  bed  remains  great  and 
the  velocity  consequently  great,  the  stream  has  a  compara- 
tively straight  channel.  As  the  slope  is  reduced  the  course 
of  the  stream  becomes  crooked  and  winding  and  its  corrasive 
agencies  are  diverted  from  its  bottom  to  its  sides.  Therefore, 
swi/t  streams  floiv  in  straight  channels,  sluggish  streams  in 
crooked  channels.  This  operation  is  being  performed  not 
only  in  the  main  stream,  but  in  its  numerous  affluents  to  the 
minutest  rill,  but  with  different  intensity.  Accordingly,  the 
higher  branches  have  less  power  to  cut  and  level  the  surface, 
and  there  the  curves  of  their  bed  are  convex  upward.  Such  a 
curve  is  the  curve  of  the  terrane,  while  the  concave  curve  is 
that  of  the  watercourse.  The  former  is  the  curve  of  the 
upper  relief  of  high  slopes,  and  the  latter  of  the  valleys. 

In  an  arid  region  rainfall  is  scanty  and  spasmodic»  stream* 
beds  are  few  in  number,  and  the  drainage  system  is  conse- 
quently imperfectly  develope<l.      There    the    erosion  of    the 
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tcrrane  is  slow,  while  stream  corrasion  is  proportionately  rapid 
because  such  rainfall  as  occurs  is  in  sudden  showers  of  great 
volume  but  short  duration.  It  is  thus  that  the  canyons  af 
the  arid  regions  have  been  formed. 

There  is  a  tendency  in  every  stream  to  extend  its  drainage 
area  by  erosion  on  all  sides^  the  stream  having  the  most 
rapid  fall  eroding  its  margin  most  quickly*  Hence  the  stream 
having  the  most  rapid  descent  draws  area  from  others.  This 
extension  of  drainage  basins  is  called  piracy  and  is  in  active 
progress  in  the  Appalachian  Mountains  (Fig.  35),  While 
under  some  circumstances  the  courses  of  streams  are  change* 
blct  under  others  they  maintain  their  courses  with  great 
rsistency.  An  example  of  the  latter  condition  is  seen  in  water* 
gaps  (Fig.  35)  and  canyons.  K  canyon  illustrates  the  persistency 
of  stream  channels  (Fig.  34);  it  is  the  result  of  the  uplift  of 
a  mountain  range  across  the  course  of  an  existing  stream*  The 
rate  of  uplift  has  been  such  that  the  stream  has  been  able  to 
maintain  its  course  by  corrasion  as  the  mountain  rose.  Wind- 
gaps  illustrate  the  changeability  of  stream  channels,  since  they 
arc  abandoned  water-gaps  from  which  the  stream  has  been 
drained  by  a  more  powerful  pirating  neighbor.  These  are  to  be 
clearly  distinguished  from  passes  in  mountain  ranges  caused 
by  the  erosion  of  divides  at  stream-heads. 

Since  disintegration  of  hard  or  of  insoluble  rocks  goes  on 
slowly,  and  of  soft  or  soluble  rocks  rapidly,  elevated  areas 
due  to  erosive  action  are  as  a  rule  composed  of  the  former, 
and  depressed  areas  resulting  from  the  same  kinds  of  action 
arc  generally  composed  of  the  latter  class  of  rocks.  Streams 
ually  make  their  channels  along  lines  of  least  resistance, 
level  surface  of  the  plateau  is  generally  the  summit  of 
the  hard  stratum  of  rock  from  which,  perhaps,  softer  strata 
have  been  eroded.  Other  things  being  equal,  the  harder  tfit 
k  the  steeper  the  slope,  the  softer  the  rock  the  more 
ntle  the  slope.  Applying  this  principle  to  the  cross- 
tion  of  two  stream-beds*  one  in  soft  rock,  the  other  in 
rd   rock,    they  will  be    carved  into  forms  shown   in    Figs, 
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36  and  37,  in  which  the  lines  indicate  progressive  stages. 
Where  the  rock  strata  are  laid  in  horizontal  beds,  alter- 
nately soft  and  hard,  the  forms  resulting  from  stream  corra- 
sion  will  be  similar  to  those  represented  in  Figs.  38  and  39. 
Where  one  or  more  horizontal  beds  are  of  nearly  equal  hard- 


Fig.  36.— EROSinN  in  >uj^t  Rock. 


■'"lUJillw"^ 
Fic,  37,— Erosion  in  Harij  Rolk. 


Fie.  38* — Erosion  is   Hokizontal  Beds  ok  IUrd  and  Soft  Rock* 


Fig.  39«— Ehosion  im  Alternate  Beds  of  Soft  ani»  Hard  Ro€K» 


Fig.  40.— Erosion  in  Soft  Rock  Underlain  by  Hard* 

ness,  as  sandstone  underlain  by  gran  it  e»  the  canyon  resulting 
from  erosion  will  be  similar  in  form  to  that  shown  in  Fig.  40. 
If  the  stream  flow  parallel  to  the  strike  of  the  inclined  bed* 
similar  forms  will  be  produced,  but  on  sloping  surfaces, 

50.  Topographic  Forms.— As  there  are  two  general 
classes  of  physiographic  processes,  the  constructive  and  the 
destructive,  so  are  there  two  classes  of  topographic  forms 
resulting  from  these  kinds  of  agencies. 
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Among  the  important  constructive  features  are: 
!•   Subaqueous  forms,  resulting  from  depositions  of  what- 
ever kind  in  lakes  and  oceans,  as  spits  and  bars  erected  by 
wave  action ; 

2.  Emergent  forms,  or  those  partly  built  up  beneath  the 
water  but  gradually  rising  above  it,  as  deltas  and  storm-spits ; 

3.  Subaerial  forms,  or  those  produced  by  volcanic  eject- 
ment of  dust  and  ashes  which  may  be  blown  about,  and 
the  outpouring  of  geysers  and  deposits  from  certain  saline 
springs;  and 

4.  Subsurface  forms,  as  faults  and  folds,  produced  by 
slipping  and  distortion  and  crumbling  of  the  earth's  crust. 

Among  the  chief  destructive  features  are : 

1.  Vertical  diastrophic  forms,  resulting  from  upheaval 
and  subsidence,  as  massive  mountain-ranges,  plateaus,  and 
emerged  plains. 

2.  Horizontal  diastrophic  forms,  resulting  from  deforma- 
tions of  the  strata  due  to  tangential  forces,  as  faults,  flexures, 
throws,  and  folds. 

3.  Vulcanic  intrusions ,  resulting  from  materials  brought 
to  the  surface  from  the  interior,  as  dikes,  laccolites,  and 
volcanic  necks. 

4.  Vulcanic  cjecta,  due  to  materials  of  the  interior  vio- 
lently erupted  by  volcanoes  or  geysers,  as  lava-plains,  cinder- 
cones,  deposits  from  spring-waters. 

Topo'^  'iphic  forms  are  modeled — 

1.  By  the  character  and  hardness  of  the  rockc; 

2.  By  the  geologic  structure  or  position  of  bed-rock; 

3.  By  the  slope  of  the  surface; 

4.  By  climatic  conditions; 

5.  By  accidents  during  development; 

6.  By  length  of  time  during  which  eroding  agents  have 
acted ;    and 

7.  By  the  nature  and  working  methods  of  these  agencies. 
Topographic  forms  vary  according  to  the  physiographic 
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processes  which  have  produced  them.  According  as  these 
act  they  may  be  divided  into  two  great  classes: 

1.  By  vertical  change; 

2.  By  horizontal  chanj 
As  a  result  of  the  former  the  surface  of  the  earth  moves 

up  and  down,  producing  the  general  forms  which  are  said  to 
result  from  uplift  and  downthrow.  As  a  result  of  horizontal 
change  land  is  transported  from  one  locality  to  another. 
This  form  of  change  acts  generally  through  the  agency  of 
water  and,  to  a  minor  extent,  of  the  wind.  It  produces  the 
general  forms  resulting  from  aggradation  and  degradation^ 
and  through  the  action  of  erosion,  corrasion,  and  trans- 
portation. 

51.  Classification  of  Topographic  Fornis. — Doctor 
Hayes  has  classified  topographic  forms  in  the  following 
simple  tabular  manner: 

L   Construe tianal forms  due  to 

I.  Diastrnphism,     (Fig.  21.)      2. 

(1)  Emerged  pfains, 

(2)  Plateaus. 

(3)  Block  ranges, 

(4)  Lake  basins. 
II.  Gradational farms  due  to 

I.  Aggradation  by 

(0  Water.    (Fig.  4a.) 

a.  Alluviiil  cones. 

b.  Alluvial  plains. 

c.  Delias. 


Vulcanism.     (Fig,  41J 

(i)  Lava  plains  and  coulee«« 
(2)  Volcanic  cones. 


(2)  Ice.    (Fig.  41,)         [drift-sheets. 
a.  Moraines— (a)  terminal,  (^> 

3.    Eskers. 

c.  Sand  plains. 

d.  Drumlins, 


(3)  Wind.    (Fig.  43O 
<f.  Dunes. 

Degradation. 

(1)  Sculptured  forms* 
(Figs.  4.  34  and  44.) 

a.  Canyons  and  gorges. 

b.  Valleys. 


b.   Loess  plains. 


(2)  Residua]  forms. 
(Figs.  6.  44  and  45.) 

a.  Piateaus. 

b.  Mesas. 


r.    Plains  and  peneplains,    r.    Mountatnt. 
d.  Lake  basins.  d.  Ridges,  hogbacks* 

r   Hills. 


^^tk 


!.^ 


o.     41. — Volcanic    Mountain,    CitATB|ty     Cindbr-cone,    Glacibr,     and 
Moraines,  Mt.   Shasta,  Cal. 
Scale  4  miles  to  i  inch.      Contour  interval  200  ft. 
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I, — ^AttuvuL  RtDGC,  Crevaue,  Swamp.  River^  akd   Flood  Plain 

Low  Eft    MtSSISStPPl    RjVEft. 

Scale  I  fniJe  to  i  tDcb.      Contour  kitenra)  5  ft. 
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The  following  list  of  definitions  is  intended  to  include  all 
thfisc  tcims  employed  popularly  or  technically  in  the  United 
Stales  to  designate  the  component  parts  of  the  surface  of  the 
earth.  None  of  the  words  similarly  appUed  in  other  portions 
of  the  world  are  given.  So  far  as  practicable,  the  endeavor 
Itis  been  to  refrhin  from  defining  such  words  or  using  such 
initions  as  refer  merely  to  the  origin  of  the  various  topographic 
orras.  At  the  same  lime  it  has  been  found  necessar)-  in  a  few 
itances  to  define  forms  according  to  their  variety  or  origin, 
those  resulting  from  volcanic  or  glacial  action.  In  the  case 
of  names  which  are  locally  peculiar  to  a  limited  portion  of  the 
country,  the  effort  has  been  to  indicate  the  regions  in  which  ihey 
w  employed.  The  language  whence  derived  is  denoted  by 
for  Spanish,  Fr.  for  French,  etc.;  the  word  "origin'^  follow- 
ing indicates  that  it  has  been  generally  adopted  in  American 
imcnclature. 


An  ascending  5lope  as  opposed  to  decUvity. 
AlfuiUe:  A  sharp  nKky  peak  or  needle.     (Fr.  origin) 
I       Alkali  Flat:   A  playa;    the  bed  of  a  dricdtip  salint*  iake,  the  soil  of  which 
15  hcav-ily  impregnated  with  alkaline  ^iLs. 
Alpine:    Pertaining  to  mountains  of  great  height  and  niggedne^s  of  outline 
and  surface,  and  containing  gtacicrs.     Resembling  a  gneat  mountain 
i^nge  of  southern  Europe  called  the  Alps. 
Amohitlieater :   A  cove  or  angle  of  gladal  origin  near  the  summit  of  a  high 
niouniain   and    nearly   surrounded   by   the   highest   summii.^.     \   small 
^^      flat  vaUey  or  gulch -like  depre>vsion  at  the  head  of  an  alpine  mountain 
^H     diminagc.     Local  in  far  West. 
^^a*«:  A  cove,     (Fr) 
[  »35 
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Awle:  A  sharp,  rocky  crt-st;  a  comU-like  secondary  crest  of  rock  which 
projccls  at  a  sharp  angle  from  the  side  of  a  mountain.     (Fr,  origin.! 

Ktm     A  bninch  orbay  of  a  lake  or  sea* 

Ar?o]ro :  The  channel  of  an  inleimittent  stream  steep  cut  in  loose  cartii;  i 
ttrwltT.     Locjil  in  Southwest,     (Sp,) 

ArtotUti  Well:  A  well  which  has  l>een  excavated  or  drilled  ihrotigh  imper- 
viims  strata  to  a  subterranean  water  supply  which  has  its  source  at  a 
ivinher  level.  The  resulting  hydrostatic  pressure  causes  the  water  to 
ris»e  in  the  Ixire  to  a  sufficient  height  to  overflow  ai  the  mouth  of  the 

AtoU :   A  ritiiC'sKaped  coral  island  nearly  or  quite  encircling  a  tagooa. 

Itaillandi:   Wa^te  i>r  drscn  land  deeply  eroded  into  fantastic  forms.    Local 

\\\  iiivil  Norihwe^. 
llMclboufi     Tlie  hii:licst  portion  or  elongated  crest  of  a  ridge. 
Utti'.Uwoodis :   The  wild  ootmtry  hack  fn^m  settlements. 
\\$XA\    A   hinh   munded  knob  or  mountain  top,  bare  of  forest.    Local  in 

Sontlu'in  States. 
Hank'.    A  low  h\\\^  margin  of  a  small  IkmIv  of  water. 

A  mound  like  mass  of  earth. 
ll«i ;    An  elevuttnl  niass  of  sand,  {gravel  ur  alluvium  deposited  on  the  bed 

of  M  It  ream,  ^^a  or  lake,  or  at  the  mouth  of  a  stream. 
tlirrificai    A   imk^^'ftUcd  and   impassable   canyon.     Local   in   Southwest. 

(Hp,) 
tlarri^n     i>\»en  plain  and  hogs  covered  with  low  brush, 
lUtt  l»r  llMch:   A  lieach  sej^amted  from  the  mainland  by  a  lagpon  or  marsh. 
lUiilwt   Island:    A  dctachetl  ()L>rtion  of  a  barrier  Ijeach  between  two  inlets, 
Ut»«-lfV«l  Ham:   A  tlat,  tonnwnitively  featuixless  surface  or  lowland  result- 

Inji  ffoni  the  nearly  aimpleled  cR>sion  of  any  geographic  area, 
riiilfti   \\\  amphitheater  or  drx^ue,     Local  in   Rocky  Mountains, 

An  extenHive.  tlepttivsed  area  into  which  the  adjacent  land  drains, 

\\\\y\  httviuK  no  surface  outlet.     Use  confine<l  almost  wholly  to  the  arid 

I  hr  ilrainage  or  catchment  area  of  a  stream  or  lake. 
May:    An  indentation  in  the  ox^st  line  of  a  sea  or  lake;    a  gulf. 
Itayitalh  A  si  warn  p  i-ovcred  with  growili  of  bushes.     Local  on  South  AUajitic 

Hiiyou:  A  lake  or  intemtittent  stream  formed  in  an  abandoned  dianncl 
,4  u  river;  one  of  the  half -closed  channels  of  a  river  delta.  Local  on 
(,ulf  Ci>aM.     (Fr-  origin.) 

HfrtfhJ  The  gently  ^lo|^ng  shore  of  a  body  of  water;  a  sandy  or  pebbly 
nmrKin  nf  water  washeti  by  wavrs  or  tides. 

Hod:     The  llot^r  or  IxHtom  on  which  any  U>dy  of  water  rests. 

H«nch:    \  Mnp  nf  plain  along  a  valley  slope. 

A  .Mnall  terrace  or  com|j«roii\-ely  lewl  platform  on  any  decliWty 
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Bend .  A  shaqs  turn  In  a  stieam. 

Bight    A  small  h^y. 

Bluff     A  bold,  steep  headland  or  promontory. 

A  high,  steep  bank  or  low  cliff 
Boca;    A    mouth;    the    point  at  wliich  a  strcamway  or  drainage  chaimel 

emerges  from  a  barranca^  canyon  or  olher  gorge,  and  debouches  on  a 

plain.     (Sp.) 
Bog:   A  small  open  mai^h. 
^Bogan  ;  A  marshy  cove  by  a  stream, 
Bolson:  A  basin;  a  deprt-^sion  or  valley  ha \ing  no  outlet.    Local  in  South* 

west.     {Sp.,   meaning   ** purse") 
Bottom:  The  bed  of  a  lK>tiy  of  still  or  running  water. 

Bottom  Land:  The  lowest  land  in  a  stream  bed  or  lake  liasin;  a  flood  plain. 
Boulder:    A  rounded  rock  of  considerable  size,  separated  from  thu   mass 

in  which  it  originally  occyrred. 
Box  Canyon:    A  canyon  having  practically  vertical  n>ck  walls. 
Branch:    A  creek  or  brook,  as  used  locally  in  Southern  States.     Alfio  used 

to  designate  one  of  the  bifurcations  of  a  stream,  as  a  fork. 
Breaks:  An  area  in  rolling  land  eroded  by  smaE  ravineii  and  gullies.    Local 

in  Northwest. 
Bridal-veil  Fall:    A  cataract  of  great  height  and  such  small  >olume  that 

the  falling  water  is  dissipated  in  spray  before  reaching  the  lower  stream* 

bed. 
Brook:   A  stream  of  less  length  and  volume  than  a  cieek^  as  used  locally 

in  the  Northeast. 
Brow:  The  edge  of  the  top  of  a  hill  or  mountain;  the  jjoint  at  which  a  gentle 

slope  changes  to  an  abrupt  one;  the  top  of  a  bluff  or  cliff. 
Butte:   A  lone  hill  which  rises  with  precipitous  cliflfs  or  steep  slopes  al>ove 

the  surrounding  surface;   a  small  isolated  mesa.     Ixtcal  throughout  far 

West.     (Fr.) 


Cajoa:    A  box  canyon.    Local  in  Southwest.     {Sp.,  meaning  **box.") 

Caia:    A  creek.     Local  in  Southwest.     (Sp,) 

CaUlem:  A  deep  ravine^  hollow  or  depression  in  a  volcanic  formation,     (Sp. 

origin.) 
Camas:    A  small  upland  prairie;    a  glade;    a  small  fjark;    a  small,  gently 

sloping  prairie,  partly  wooded  and  surrounded  by  high  mountain  slopes. 

Local  in   Pacific  Northwest.     (Sp.,   meaning   '*bcd,") 
Canal  ;  A  sluggish  coastal  stream.     Local  on  ,\tlantic  Coast, 
Candelas  .   A  group  of  candle-like  rocky  pinnacles.     Local  in  Southwest, 

(Sp) 
Canjradft;  A  very  small  canyon       Local  in  Southwest.     (Sp.) 
Canyon:  A  gorge  or  ravine  of  considerable  dimensions;  a  chaimel  cut  by 
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jiuusmg  watjcr  ta  the  suffice  of  the  caitli«  tiie  sid^  of  wliich  aie  cxMn* 

pQKd  of  clifis  or  setks  ol  cUSs  nsipg  fom  Us  bed.    Local  throughout 

the  Imt  VitsA.    (Sp.  origpi.) 
Ci^:  A  poiot  of  land  ntrnding  into  a  bodjr  of  wHer;  a  salient  of  a  coasL 
Cane:  A  low  fcitik  river  boctom,     (Sox.  otigpD.) 
CaKade:   A  short,  rock^  decHvity  in  a  stRam-bed  over  which  valer  flon 

with  greater  rapidity  and  higher  £dl  than  owr  a  rapid;    a 

lapidt  the  resuh  of  the  shoncniiig  bdog  Id  acaoeatuale  the  amoimt  of 

faU, 
Cataract:    A  waterfall,  usually  of  great  YQlmoe;   a  cascade  in  which  the, 

vertical  fall  has  been  ooooentnled  in  one  sheo'  drop  or  ovesflov* 
Catchment  BaMn:    The  ana  on  which  the  pn^ripiiatioiiofastream 

fiver  system  foJls«     The  watershed  or  drainage  ar«a  of  a  stream. 
Cairt:  A  hoUow  space  cxr  cavity  under  the  surface  of  the  euth. 

A  depresaioii  ia  the  ground^  by  abbreviation  firoiB  a  *'cav€-in/'  as 

tised  colloquiaOy. 
C«vem-  A  large,  natural,  undergmund  cave  or  series  of  caves. 
GKf :  A  key;  a  comparatively  small  and  low  ooastal  island  of  sand  or  4 

Local  in  Gulf  of  Mezioo.     (Sp.  origm) 
Ceja:  The  cliff  of  a  mesa  edge;  &n  escarpment.    Local  in  Southwe^.     (Sp,) 
Cerrito,  or  CerriUo:  A  small  hill.     Local  in  southwest.     (SpO 
Cerro:   A  smg)e  eminence  intermediate  between  hill  and  mountain.     Local 

in  Southwest,     (Sp.) 
Channel :  A  large  strait,  as  the  British  Channel. 

The  deepest  portion  of  a  small  stream,  bay  or  stiail  through  which 

the  main  volume  or  current  of  water  flows. 
CJhasm:   A  canyon  having  precipitous  rock  waUs;   a  box-canyon. 

An  elevated  or  hillside  marsh  containing  springs.     Local  in  South* 
.    (SpO 

Cirque :   A  glacial  amphitheater  or  basin.     (Fr.  origin.) 
Clearing  :    A  pUce  whence  woods  have  been  removed  for  a  farm, 
Ckugh:  K  ravine  with  precipitous  rocky  sides,  containing  a  tonentia]  stream. 

(Scot,  origin.) 
Qiif ;  A  hi^  and  \*ery  steep  declivity. 

Clove:  A  gorge  or  ravine.     Local  in  Middle  States.     (Dutch  ori^n.) 
Coast:    The  land  or  the  shore  next  to  the  sea. 
Coastal   Marah:   A  marsh  which  borders  a  seacoast  and  is  usually  formed 

under  the  protection  of  a  barrier  beach. 
Coastal  Plain :  Any  plain  which  has  its  maipn  on  the  shore  of  a  ki^e  body 

of  water. 
Col:  A  short  ridge  connecting  two  higher  elevations;  a  narrow  pass  joining 

two  \*allcys. 
Colizia:  A  hillock  or  small  eminence. 
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CollAdd:  A  hiU  or  small  eminence.     (Sp.  origin.) 

CoUine:  A  colina.     (Obs,) 

Cone:    A  low,  conical  hUl,  buDt  up  from  the  fiugmental  materiai  ejected 

from  a  valcana. 
Coiatiiieiital  Shelf:    A  comparatively  shallow  marginal  ocean  bed  or  floor 
bordenng  a  condnenl;     a  submerged  terrace  bordering  a  continent. 
CocKiibe:    A  hollow  in  a  hillside  above  the  most  elevated  spring. 
Cor4illera:    A  group  of  mountain  ranges,  including  valleys,  plains,  rivers, 
lakes,  etc;    its  ctJUiponeiU  ranges  may  have  various  trends,  but  ihc 
conliltera  will  have  «jiie  general  direction.     (Sp.  origin  J 
Corner :  A  settlement  at  a  cross-roads 
Corrie:  A  cinrukr  hollow  on  a  bllsidc  whence  flows  a  spcfiag.    See  Coombc. 

(Scut  origin.) 
CoCem:    An   elevated,   pitted   plain  of  rough  surface.     Local   in   Missouri 

and  neighboring  Sta  e.s.     (Fr.  origin.) 
C<»i«itee:  A  cooled  and  hardened  stream  of  ^ava.     Coulees  occur  as  rirlges 
of  greater  or  less  length  and  dimensions,  but  rarely  of  great  height. 
Local  in  Northwest. 

A  wash  or  arroyo  through  which  water  flows  intermittently.    Local 
in  Northwest.    (Fr.  origin.) 
:  A  small  bay. 

An  amphitheater  or  indentation  in  a  cUff.    It  may  be  the  abrupt 
beading  of  a  vaUey  in  a  mountain, 

[r  A  rough,  steep  or  broken  rock  standing  out  or  rising  into  prominence 
from  the  surface  of  an  eminence;  a  rocky  projection  on  a  clif!  or  ledge. 
The  cup-shaped  depression  marking  the  position  of  a  volcanjc  vent; 
its  margin  is  usually  the  summit  of  the  volcano. 
;  A  ^ream  of  less  volume  than  a  river. 
A  small  tidal  channel  through  a  coastal  marsh. 
^^Test:    The  summit  land  of  any  eminence;    the  highest  natural  projection 

which  croT^Tis  a  hill  or  mountain, 
^^^rerasser  A  tissuie   n  a  glacier. 

A  break  in  a  levee  or  other  stream  embankment.  <Fr.  origin.) 
An  ascending  slope;  a  tilted  plain  or  me.sa  top.  Local  in  .Southwest. 
(Sp.) 
^ufrcot:  A  continuous  movement  or  tlow,  in  one  direction^  of  a  body  of 
water;  a  stream  in  or  portion  of  an  ocean  which  has  continuous  motion 
or  flow  in  one  direction. 
Cuip:  A  point  of  land  extending  into  the  water  and  bounded  by  two 
concave  beaches. 
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Bale  *  A  \'ale  or  small  valley, 

Batle:  A  rspid.     Local  in  Northwest,     (Fr.  origin.) 

Deadwater:  Part  of   a   stream  having  very  sluggish  or  no  current. 

Stillwater, 


J 
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Declivity:   A  descending  slojic,  as  opprfcsed  tc  acclinty. 

Deep:   A  profound  or  aljysmal  depre^ton  in  the  ocean  bottom. 

Defile:   A  deep  and  namivv  mountain  \y&^^. 

Delta:  The  low  alluvial  land  al)out  the  mouth  of  a  river  which  is  dMded 
dtmn -stream  into  several  distributaries. 

Depression;  A  low  place  of  any  dimensions  on  a  plain  surface;  the  neg- 
ative or  correlative  of  elevation  or  relief. 

Desert:  An  ari,d  region  of  any  dimensions,  barren  of  water  other  than  in 
occasional  flo<:id  streams  or  springs,  frequently  covered  with  consid- 
erable growths  of  cacti,  coarse  bunch  grass,  mesquite  and  other  5hrul>s, 
A  desert  is  not  necessarily  a  plain  surface »  as  most  deserts  are  broken 
by  the  sharp  escarpments  and  buttes  which  are  common  to  the  arid 
regions,  by  sand  dunes  or  volcanic  ejecta.  A  desert  may  include 
canyons  and  mountains  of  cnnsiderable  differenrc^ of  elevation 

Devil's  Slide,  Head^  etc.:  Applied  to  topographic  features  of  unusual, 
uncanny  ur  forbidding  asx>ecl. 

Dike:    A  ridge  having  for  its  core  a  vertical  wall  of  igneous  rock. 

Divide:  The  line  of  separation  between  drainage  systems;  the  summit  of 
an  inlerfiuve. 

The  highe^st  summit  of  a  pass  or  gap. 

Doab:  A  low-ljing  tongue  of  land  l^etween  two  contluent  streams.  (Eaiit 
Indian.) 

Dome:    A  smoothly  rounded  r<>ck-ca[)ped  mountain  summit, 

Down:  A  sandy,  undulating,  or  hdly  tract  near  the  seashore,  covered  with 
fvn^£  turf.     (Br,  origtn.) 

Draft:    A  draw. 

Drain  :  A  smaU  channel  or  depression,  which  carries  ofl  the  nin-oflE  from  a 
slope. 

Drainage  Area:  The  watershed  of  a  given  stream  or  river  system.  The 
catchment  basin  of  a  stream. 

Draw:  .\  ver)'  shallow  and  small  gorge,  gulch  or  ravine;  the  eroded  channel 
through  which  a  small  stream  rlow?. 

Drift:   A  >low,  great  ocean  current, 

Drumlin:  A  smixith,  oval  or  elongated  hill  or  ridge  composed  chiefly  of 
glacial  detritus. 

Dry  Wash:   A  wash,  arroyo  or  coulee  in  the  bed  of  which  is  no  water. 

Dune:  A  hill  or  ridge  of  sand  formed  by  the  winds  near  a  sea  or  lake  shore, 
along  a  river-bed  or  on  a  sandy  plain, 

Edd  ^ :  A  deep  cove  in  a  stream  below  a  bar.  where  water  circles  around. 
Eminence:    A  mass  of  high  land. 
Escarpment:    An  extended  line  of  cliffs  or  bluffs. 
Escbar:    An  esker. 

Esker:  A  long,  winding  ridge  of  sand  or  gravel,  the  deposit  from  a  stn^am 
Jit » wing  beneath  a  glacier. 
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EfDaafj :   A  riwr-like  inlet  or  arm  of  the  5ea. 

fiftfCkde:  A  traici  of  swampy  land  covertd  mostly  with  taU  grass.  Local 
in  South. 

F^:  A  waterfall  or  cataract. 

Thr  flow  or  descent  of  one  Ixidy  of  u-aler  into  another. 
Fan:  A  mountain  delta;   a  conical  tains  of  detrital  material. 
Fea:  A  boggy^  marshy  land,     (Br,  origin.) 

Fiord:  A  narrow  inlet  with  high,  rocky  walls;  a  glacial  gorge  filled  by  an 
arm  of  the  sea. 

eFlat!   A  ^nrnll  plain  u*«uaUy  situated  in  the  bottom  of  a  stream  gorge;  often 
applied  to  a  small  area  of  tillable  land  in  the  bend  of  a  bluff-walled 
streani. 
HoodpUin:  Any  plain  which  Ixjniers  a  sirram  and  is  covered  by  its  waters 
in  time  of  flood. 
Floor:  Tlie  bed  or  bottom  of  the  ocean. 
A  comparatively  level  vatlc-y  LK»itom. 
Fly:  Corrupted  from  vly. 
Foot:    The  bottom  of  a  slope,  grade  or  declivity. 
Footluil:    One  of  the  lower  .subsidiar}-  hilb  at  the  base  of  a  mountain. 
Foreland:    A  promontory  or  cape. 

Fork:  One  of  the  major  bifurcaiions  of  a  stream;  a  branch. 
Forks  :  The  place  of  branching  of  a  stream,  looking  up  streiim. 
Fouotain:    A  flow  of  water  rising  in  a  jet  above  the  surrounding  surface' 

C        Artesian  wells,  geysers  and  springs  may  be  fountains. 
Frith:  A  n>ck  girt»  narrow  arm  of  the  sea,  a  fiord.     (Scot,  origin.) 
Fumarole:   A  spring  or  geyser  which  emits  steam  or  gase<3u«^  vaf>or;    found 
only  in  volcanic  areas. 

Gap:  Any  deep  notch^  ravine  or  opening  between  hills,  or  in  a  ridge  or  moun* 
tain  chain. 

Gate .  A  narrow  opening  between  racks  or  headlands,  admitting  from  one 
valley  or  on^  bay  to  another. 

Geyser:  A  hot  spring,  the  water  of  which  is  expelled  with  steam  in  an  accu- 
mulated volume  in  f»aroxysmal  bursts- 
Glacial  G<M^e:  A  deeply  cut  valley  of  U-shaped  cross*seciion,  the  result 
of  glacial  erosion. 

Glacial  Lake:  A  lake,  the  basin  of  which  has  Ijeen  carved  by  glacial  action, 
or  \^  dammed  on  one  side  by  glacial  detritus. 

GUcier:    A  permanent  t^ody  or  stream  of  ice  having  motion. 

Glade:  A  grassy  opening  or  natural  meadow  in  the  woods;  a  :small  park. 
AppUed  in  western  Mantland  to  a  brushy^  grassy  or  swampy  open- 
ing in  the  woods. 

Glea;    A  secluded  and  small  narrow  valley. 
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Gorge:   A  canyon;   a  rugged  and  deep  ravine  or  gulch. 

Grade:    A  slojie  of  uniform  inclination. 

Grotto:    A  small,  picturesqut.*  cave. 

Gulch:    A  small  ravine;    a  small,  shallow  canyon  with  smoothly  inclined 

slopes.     Local  in  far  West  and  North, 
Gulf:   A  gorge  or  deep  ni\ine;   a  short  canyon.     Local  in  Southern  States 

and  New  York. 

A  bay»  usually  of  jjreat  dimensions. 
Gully:   A  channel  cut  by  running  water;    less  than  a  gulch  or  ravine. 
Gut:  A  narrow  passage  or  coninicted  strait  connecting  two  bodies  of  water. 

Harbor :  An  enclosed  arc  of  deep  water  odering  safe  anchorage  for  vessels. 

Hammock:   A  hummock.     Local  in  Southeast. 

Hanging  Valley:   A  high  glacial  valley^  tributary  to  a  more  deeply  eroded 
glacial  gorge  or  fiord. 

Haugh:   A  low-Hnng  meadow  beside  a  river,     (Scot,  origin.) 

Headland:    A  promontory'. 

Heath     Bogs  or  barrens.     (Eng.) 

Height  of  land:  The  highest  part  of  a  plain  or  plateau;  or,  on  a  highway, 
a  pass  or  divide.     I>ocat  in  Northeast  and  British  America. 

Highland:    A  relative  term  denoting  ihe  higher  land  of  a  region;    it  may 
include  mountains*  valleys  and  plains. 

Hill :   An  eminence  less  than  a  mountain  rising  above  the  surrounding  land. 

Hillock:   A  small  hill. 

Hogback :  A  steep-sided  ridge  or  long  hill;  u:^d  to  describe  a  group  of  shaqily 
eroded  low  hills. 

A  steep  foothill  having  parallel  trend  lo  the  associated  moun- 
tain range.     Local  in  the  far  West. 

Hole    A  small  pond  in  a  swamp  or  marsh, 

HoU:   A  small  lj)ay,  as  Wood*s  HoU,  Mass,     Local  in  New  England. 

Hollow:  A  small  ravine;  a  low  tract  of  land  encomjjasscd  by  hills  or  moun- 
tains. 

Hook:  A  low,  sandy  peninsula  terminating  in  cyr^^ed  or  hook -shaped  end 
forming  a  liay. 

Hot  Spring:   A  spring,  the  water  of  which  has  a  temperature  considerably 
above  that  of  its  surroundings. 

Huerfano:    A  solitary^  hill  or  cerro.     Local  in  Southwest,     (Sp,,  meaning 
'-orphan/') 

Hummock :  A  more  or  less  elevated  piece  of  ground  rising  out  of  a  swamp, 
often  densely  wooded* 

Inlet:    A  small  narrow  bay  or  creek;    a  small  body  of  water  leading  into 

a  larger. 
Intercolline:    Between  hills;    especially  valleys  between  volcanic  cones, 
loterfluve:  The  upland  separating  two  streams  ha^nng  an  approidmately 

parallel  course. 

An  area  of  land  entirely  surrounded  by  water.    In  dimensions 
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islands  range  from   a  point  of  rock  rising  above  the  surface  of  the 
vrater  to  an  area  of  land  of  continental  dimensions,  as  Australia.  An 
area  of  dry  land  in  a  swamp. 
Isthmus:    A  narrow  strip  of  land  connecting  two  considerable  bodies  of 
land, 

Eame:   A  snmll  hill  of  gravel  and  sand  made  by  a  glacier. 

Camo:   A  dry  la bltland,  often  rising  terrace-like  to  higher  elevations.     (So. 

Africa.) 
Kettie   Hole:    A  steep- sided  hole  or  depression  in  sand  or  gravel;    a  hole 

tn  the  bottom  of  a  stream  or  pond. 
Xef :  A  CBf ,  as  the  Florida  Keys. 

Kilt:   A  creek.     Locally  in  Middle  State5.     (Dutch  origin.) 
Kaob:  A  prominent  peak  with  rounded  summit.     Local  in  Southern  States. 
laoU;  A  low  hiU. 

Lagoon:  A  shallow  Ijay  cut  off  from  a  sea  or  lake  by  a  barrier;  often  stagnant, 

with  oiize  bottom  and  rank  vegetation.     It  may  be  of  salt  or  fresh  water. 

Locally  in  Souih  and  Southwest.     (Sp,  origin.) 
Lake:   Any  considerable  lx>dy  of  inland  water. 
Lakelet     A  ver>'  small  lake. 
Landing  :  The  place  where  farm  or  country  roads  reach  a  navigable  river 

bank.     A  place  where  a  boat  may  tie  up  at  the  shore  of  a  stream. 
Landstide:  Earth  and  rf>ck  which  has  been  loosened   from  a  hillside  by 

moisture  or  snow,  and  has  slid  or  fallen  down  the  slope. 
Landslip :   A  landslide  of  small  dimensions. 
Lateral  Moraine:  A  moraine  formed  at  the  side  of  a  glacier;  usually  ridge-like 

in  shape. 
Ledge:    A  shclf-Uke  projection  from  a  steep  declivity;    a  rocky  outcrop   or 

reef. 
Lenticular  Hill;   A  short  dnimline. 

Levee:   An  artificial  bank  confining  a  stream  channel     (Ft.  origin.) 
Littoral :  That  portion  of  a  shore  washed  by  or  between  high  and  low  water. 
Llano:  An  extensive  plain  v^ilh  or  without  vegetation*     (Sp. -American  origin.) 


^balpais 
^OUreia: 
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A  badlands    Local  in  Northwest. 
Ml   A  marsh.     (Obs.     Br.  origin.) 
Maremme :  A  low  marshy  tract  along  the  coast.     (It.  origin.) 
Harsh:  A  tract  of   low,  wet  ground,  usually  miry  and  covered  with  rank 
vegetation.     It  may  at  times  be  sufficiently  drj'  to   permit  of  tillage 
I       or  of  having  hay  cut  from  it.     It  may  be  very  small  and  situated  high 

on  a  mountain,  or  of  great  extent  and  adjacent  to  the  sea. 
Memdow:  A  bit  of  natural  grassland  in  wooded  mountains;  a  glade  or  small 
park. 
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Kedano:   A  sand  dune  on  the  seashore. 

Mesa:    A  tableland;    a  flat -topped  mountain  bounded  on  at  least  on^ 

by  a  steep  cHfT;    a  plateau  tcrminaling  on  one  or  more  side^  in  a  st^ 

clitT.     Local  in   Southwest.     (Sp.   origin.) 
Mesita:  a  small  mesa.     Local  in  Soulhwcsi,     (Sp.) 
fifmaret  r  A  high,  spire- hkc  pinnacle  of  nx!k. 
Mire:    A  small,  muddy  marsh  or  bog, 
Monadnock:    An  isolated    hi!t  or  mountain  rising  above  a  peneplain,  after 

tlu-   removal   by  erosion  of  its  surrounding  features. 
Monument:  A  column  i>r  pillar  of  RxJt.     Locally  in  Rocky  Mountain  regid 
Moor:    A  tract  of  open  uncultivable  land,  boggy  or  of  poor  soil,  more  ( 

kss  elevated,     (Br  origin.) 
Moraine:    Any  accumulation  of  loose  material  rle[x>silcd  by  a  glacier. 
Morass:    A  swamp,  marsh  or  bog  having  rank  vegetation  and  muddy  ^ 

K  >  ^\^  nsi  ve  a p fx^a  ra  n  l  c . 
Moulin:   A  vertical  cavity^  melted  and  worn  in  a  glacier,  down  which 

lasses,  (Swiss  origin/) 
Mound:  A  low  hill  of  earth. 
Mountain:    An  elevation  of  the  surface  of  the  earth  greater  than  a  hill 

rising  hii^h  above  the  sumiunding  coumr)\ 
Mountain   Chain:    A  series  or  group  of  connected  mountains  having  a  well- 
defined  trend  or  direction. 
Mountain  Range;   A  short  mountain  chain;   a  niouniain  much  longer  than 

broiifh 
Mountain  System:   A  onlillera- 
Mouth:   I'he  exit  or  point  i»f  discharge  of  a  stream  into  another  str>eam  OT 

a  lake  or  sea. 
Muskeg:    A  bog  or  marsh.     Local  in  Northwest  and  Rritish  America. 

Harrows  t  A  narr»»w  place  in  a  stre*im,     A  gorge  or  narrow  pass  between 
hills;  or  connecting  twn  bodies  of  water. 

Natural  Bridge :  Any  rock  bridge  spanning  a  ravine  and  left  in  place  by  natural 
agencies. 

Ifeck:  The  narrow  strip  of  land  which  connects  a  peninsula  with  the  main- 
land. 

Needle:   Prominent  and  sharp  rocky  pinnacle  or  spire. 

Ness:  A  cajie  or  headland,  usually  a  sufiix  to  a  promontory  name,  as  Sheer 
«<'55.     (Hr,  origin.) 

Nev€:    The  consolidated  granular  snow  on  a  mountain  summit  in  which 
j^laciers  have  their  source. 

Notch:    A  short  defile  through  a  hill,   ridge  or  mountain. 

Hubble  :  A  small  detached  mass  of  rock  near  a  high  shore. 

Nullah:    A  small  intermittently  dry  ravine;    an  arroyo;    a  coulee.     (Eaa 
Indian.) 

Nunatak:   A  rock  island  in  a  glacier. 
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lOias:  A  fenik  or  green  spot  in  a  desert. 

Occsn:   The-  great  body  of  water  wlijch  i>ccupies  two<thirds  of  ihe  surface 

of  the  caith.    The  sea  as  opposed  lo  ihe  land. 
Occflotic  Plateau:   Ad  irregukrly  elevated  portion  of  the  ocean  bed^  of  con- 
siderable extent  and  perhaps  rising  in  plates  above  the  water  surface, 
Omt:  a  ridge  of  sand  or  gravel  of  sub-glacier  origin;   an  esker. 
Outlet:  The  lower  end  of  a  lake  or  pond;   the  point  in  which  a  lake  or  pond 

ciiscbai^gcs  into  the  stream  which  drains  it. 
Outlier:   A  n^k  mass  lying  beyond  the  main  body  from  which  it  has  been 

separated  by  dcniidaiion. 
Oxbow:  A  bend  in  a  stream  which  turns  the  latter  back  on  its  cuurse. 
Paba:   A  long  ridge  of  fine,  loamy  material  deposited  from  a  stream  which 
has  cut  a  channel  in  a  melting  glacier     Local  in  Iowa  and  vicinity. 
(Am.  Indian  ) 
Palisade:    A  picturesque,  extended  rock  cliff  rising  precipitately  from  the 

margin  of  a  stream  or  lake  and  of  columnar  structure. 
Pampas:    W^^t  pfains  of  South  America. 

Ptramo:    \  high  bleak  plateau  with  blunted  trees,     (Andes,  South  America.) 
Park;   A  grassy »  wide  and  com |>ara lively  level  open  valley  in  wooded  moun- 
tains.    Local  in  Rocky  Mountains,  # 
Pass :  A  gap  or  other  depression  in  a  mountain  range  through  which  a  road 
or  trail  may  pass;   an  opening  in  a  rJdge  forming  a  passageway. 
^  narrow,  connecting  channel  between  two  bodies  of  water. 
;c  :  A  navigable  channel  between  islands. 
The  narrow  arms  of  a  delta  restricting  naWgable  channels,  as  the 
of  the  Mississippi* 
Peak:  A  pointed  mountain  summit;  a  compact  mountain  mass  with  angle 

conspicuous  summits 
Fenepiftiii:   A  land  surface  which  has  been  reduced  to  a  condition  of  low 

relief  by  the  erosive  action  of  running  waler. 
PcBinsula:    A  body  of  land  nearly  surrounded  by  water. 
P&Cftclio:    A  peaked  butte.     Local  in  Southwest.     (Sp/) 
Pinnacle;   Any  high  lower  or  spire-shaped  pillar  of  rock,  alone  or  cresting 

a  summit. 
Pit :  Any  abrupt  and  deep  depression  in  the  ground  surface. 
IHtch :  A  steep  change  in  a  broken  slope. 
Pitted  Plain:    A  plain  of  gravel  or  sand  with  kettle  holes- 
Plain:  A  region  of  general  uniform  slope,  comparatively  levels  of  considerable 
extent  and  not  broken  by  marked  elevations  and  depressions;    it  may 
be  an  extensive  \ alley  floor  or  a  plateau  summit, 
^^FUteau:  An  elevated  plain.     Its  surface  is  often  deeply  cut  by  stream  chan- 
^^B        ncls,  but  the  summits  remain  at  a  general  level.     The  same  topographic 
^^m       form  may  be  called  a  plain  and  a  plateau,  and  be  both*     An  elevated 
^H        tract  of  considerable  size  and  diversified  surface.     (Fr.) 
f^^  Platform,  Sub-marine :  The  broad  and  shallow  sea  bottom  bordering  a  coast 
1  and  lying  terrace- like  alx>ve  the  more  profound  deeps  of  the  sea. 

I        Playa:  .An  alkali  flat;   the  dried  bottom  of  a  temporary  lake,  without  outlet. 
^^       local  in  Southwest.     iSp.  origin.) 
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A  small  area  of  land  at  the  mouth  of  a  stTt:am  and  on  the  shortr  of 

a  bay;   an  alJuvnal  f^at  coast  land  as  distinguished  fmm  a  beach.     Local 

in  Southwest.     (Sj>.) 
Playa  Lake:   A  shallow,  slonn-water  lake.     When  dried  it  fonns  a  playa. 

I^xxral  in  Southwest.     (Sp,  origin.) 
Plaza:    An  ofjen  valley  flcK>r;    the  flat  bottom  of  a  shallow  canyon,     <Sp.) 
Pocason:   A  dismal  swamp.     Lx>cal  on  South  Atlantic  Coast.     (Indian.) 
Point:    A  small  cape;    a  sharp  prujectitm    fn>m  the  iihore  of  a  lake,  river 

or  .sea. 
Polder:   k  track  of  low^  land  reclaimed  from  the  sea  by  Ic^-ees.     (Dutch.) 
Pond:   A  small,  freshwater  lake. 
Pool;    A   water-hole   or   small   pond. 
Portage  :  A  path  around  a  fall  or  between  bodies  of  water,  ewer  w.iteli  i.. 

cany  boats  and  stores. 
Pothole:    A  basin-shaped  or  cylindrical  ca\ity  in  rock  formed  by  a  stone 

or  gravel  g}' rated  by  eddies  in  a  .stream. 
Prairie'    A  treeless  and  gra^isy  plain. 

Precipice:  The  brink  or  edge  of  a  high  and  very  steep  cliff. 
Promontory:    A  high  cape  with  twld  termination;    a  headland. 
Puerto :  A  pass  o^^ffile  through  an  escarpment  or  sierra^    Local  in  Southwest, 

(Sp.,  meaning  **gate/*) 

Quagmire:   Any  mire  or  bog, 

Quebrado:    A   canyon  of  rugged  aspect;    a  fissure-like  ravine  or  ^anyou* 

Local  in  Southwest,     (Sp.) 
Quickwater  :   Swift  running  water  unbroken  by  ripids, 

Rapiil :  Any  short  reach  of  steep  slope  between  two  relatively  quiet 
reaches  in  a  stream-l>e<i.  The  water  flows  over  a  rapid  with  greater 
velocity  than  in  adjacent  portions  of  a  stream. 

Ravine  :  A  gulch;  a  small  gorge  or  canyon,  the  sides  of  which  have  com- 
paratively uniform  slopes, 

Reach  :  A  long  stretch  in  a  river  where  a  vessel  can  make  long  tacks. 

Reef:  A  ridge  of  slightly  submerged  rocks. 
A  ledge  of  rock  on  a  mountain. 

ReUef:  Elevation  as  opposed  to  depression;  the  elevated  porti^^ns  of  tS~ 
land  surface;   the  irregularities  of  the  earlh*s  surface. 

Ridge:  The  narrow,  elongated  crest  of  a  hill  or  mountain;  an  elongated 
hill. 

Riffle:  The  shallow  water  at  the  head  of  a  rapid;  a  rapid  of  compaialively 
little  fall,  as  when  over  gravel  bars. 

Rift:    A  narrow  cleft  or  fissure  in  rock. 

Rill:    A  very  small  trickling  stream  of  water,  less  than  a  brook. 

Rincon:  Comer  or  cove;  the  angular  indentation  in  a  mesa  edge  or  escarp- 
ment in  which  a  canyon  heads.     Local  in  Southwest.     (Sp.  origin.)^ 

Rio:   A  river.     Local  in  Southwest.     (Sp.  origin.) 
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Mkips  or  Ripples :  See  Riffle. 

Ri?ef :   A  large  stream  of  running  water.     A  stream  of  such  size  as  to  be 
called  a  nver  in  one  locality  may  bf  called  a  creek  or  brook  in  another. 

Rivulet    A  small  n\*er. 
dottis :  A  brtKul  and  ccmimodious  land-locked  harbor. 
Boclc  1  A  good  sized  hill  \A  solid  rock. 
Riock  Cive  :  A  shelter  cave. 

^attin^  Land-   .Vny  undulating  land  surface;  a  succession  of  low  hills 
I        giving  a  wave  eflfect  to  the  surface. 

Kin  :  A  brook  or  small  creek.    Local  in  South.    A  small  stream  conncct- 
1       ing  two  lakes. 

Itiiiiiwi:  A  little  brook. 

Salient :   An  angle  or  spur  projecting  from  the  side  of  the  maitt  body  of  any 

bnd   fcature. 
Sjm«l  Dune:    Any  dune. 
StodU :    An  oblong,  rounded  mountain  mass.     Local  in  Southwest.      (Sp., 

meaning  ** watermelon.^*) 
StraiuDA:  A  grassy  plain  comfxised  of  moist  and  fertile  land.    Local  in  South. 
Scarp:    An  escarpment. 

Scaur:  A  sleep  rocky  sbpc;  a  tiare  place  on  a  mountainside. 
Sea:  A  lar^  body  of  salt  water 

S  a  Wa1:  A  ridge  of  boulders  or  sand  thrown  up  by  the  sea,  often  en- 
closing a  lake 
Seep:  A  small,  trickling  stream.     Local  in  Southwest. 
Serrate:  The  rocky  summit  of  a  mountain  having  a  sawtooth  profile:  a 

small  si erni -shaped  ridge.     Local  in  Southwest,     (Sp.> 
She.f  *  A  level  :»nd  rticky  terrace  of  small  extent,  set  high  on  a  hillside. 
Shelter  Cave:     K  cave  only  partially  undcrj^ound,   which  is  formed  by  a 

protecting  roof  of  overlying  rock;   generally  open  on  one  or  more  sides, 
ioal:    A  shallow  place  in  a  stream  or  lake;   an  elevated  portion  of  the  bed 

f>f  a  .stream,  lake  or  sea  which  rises  nearly  to  the  water  surface;  a  bar. 
Shore:    The  land  adjacent  to  any  body  of  water. 

Sierra:    k  rugged   mountain   range  i*ith   serrate  outline.     Local  in  South- 
west and  Pacific  Stales.     (Sp.  origin.) 
SilTa:    A  %ast  wooded  plain.     (S.  America.) 
Sink     The  b^>ttom  of  an  undrained  basin 
Sii^chole     A  deep  hollow  in  glacial  drift      A  sink. 

SUsh:  Swarap)^  land,  overgrown  with  dense  underbrush.    Local  in  Northeast. 
Slide:   The  exposed  surface  left  in  the  trail  of  a  landshde;   the  place  whence 

a    landslide  has   departed.     Local    in    Northeast. 
Slope:    The  inclined  surface  of  a  hill,  mountain,  plateau  or  plain  or  any 

part  of  the  surface  of  the  earth;    the  angle  which  such  surfaces  make 

with  the  level- 
Slough:    A  freshet-filled  channel  or  bayou;   a  depression  in  an  intermittent 

Mrram  chaimel  filled  with  stagnant  water  or  mire. 
Sottjid:   A  relatively  shallow  body  of  water  separated  from  the  open  sea 

by  an  island  and  connected  with  it  at  either  end  so  that  through  it  there 

ki  dnr  tidal  flow. 
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Spit:  A  low,  sandy  point  or  cape  projecting;  into  the  water;  a  barrier  beach. 

Sprinf :    A  si  ream  of  water  issuing  from  the  earth. 

Spur:  A  sharp  projection  from  the  side  of  a  hill  or  mountain;  a  radial  rid 

of  subordinate  dimensions. 
Steppe:    A  vast  elevated  plain,  generally  treeless,     (Rus.) 
Stillwater:  Any  reach  in  a  stream  of  such  level  inclination  as  to  have  scaitrly 

any  perceptible  velocity  of  flow;   a  sluggish  stream,  the  water  of  which 

appears  to  be  qui  ft  or  still.     Local  in  Northeast, 
Strand:   The  shore  or  t^each  of  the  ocean  or  a  large  lake. 
Strait:    A  relatively  narrow  VMxiy  of  water  connecting  two  ]arg)fr  bodice 
Strath:   A  river  valley  of  considerable  size.     (Scot.) 
Stream:   Any  body  of  flowing  water.     It  raay  be  of  small  volume,  as  a  rill» 

great  as  the  Mississippi  or  mighty  as  the  Gulf  Stream  in  the  Atlantic 

Ocean. 
Stream  Channel:    The  trench  or  depression  washed  in  the  surface  of  the 

earth  by  running  water;    a  wash,  arroyo  or  coulee, 
Stepto:   An  island  in  a  lava  field.     Ivocal  in  Northwest. 
Sugarloaf:   A  conical  hill  comparatively  bare  of  timber.     Local  in  far  West . 
Summit:    The  highest  point  of  any  undulating  land,  as  of  a  rolling  plain. 

a  mountain  or  a  gap  or  pass  in  a  mountain. 
Swale:    A  slight,  marshy  depression  in  generally  level  land. 
Swamp:  A  tract  of  Stillwater  ab*)unding  in  certain  species  of  trees  and  coarse 

grass  or  bogj^  proluljerances. 

Table:    An  tlevated    comparaiivt-ly  level  l)it  of  land  between  two  streams. 

Local  in   Northwest. 
Table  Land:    A  mesa. 
Table    Mountain:    A  mountain  having  comjmralively  flat  summit  and  one 

or  more  precipitous  sides,     A  mesa. 
Talus:    A  collection  of    fallen  disintegrated  materiaJ  which  has  formed  a 

slope  at  the  foot  of  a  stee^»er  fleclivity. 
Tank:   A  pool  or  water-hole  in  a  wash.     Local  in  arid  West. 
Tarai:  Extensive  low-lying  land  in  a  river  valUvt  1  tartly  swampy  and  covered 

with  rank  jungle.     (East  Indian,) 
Tana:   A  small  mountain  iakL.     (Icelandic  origin.) 

Terminal  Moraine :   A  moraine  formed  across  the  course  of  a  glader»  irregu- 
larly ridge -hke  in  shajje. 
Terrace :  A  relatively  narrow  level  plain  or  bench  on  the  side  of  a  slope  and 

tenminating  in  a  short  declivity. 
Terrain:   See  Terrane. 
Terranc:   An  extent  of  ground  or  territory;   a  portion  of  the  surface  of  the 

earth;    the  land.     (Fr,) 
Terrene:    Perlaimng  to  the  earth.     (Fr.) 

Teton :   A  rocJcy  mountain -crest  of  rugged  aspect.     Local  in  Northwest, 
Thalweg:    A  watercourse;    a  valley  bottom;    the  deepest  line  or  |>art  of  & 

valley  ^loping  in  one  direction.     (Ger) 
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TbOfOiArtt :  A  level  passugr  between  lakes.     The  principal  channel  amoni^ 

islands.     A  highway. 
ti<Ul   Marsh  or  Flat     Any  in;irsh  or  flatland  which  is  wetted  by  a  tidal 

stream  or  sea 
Tit     A  small  rocky  protuberance  on  a  hilltop 
TpmJfeolo :  An  ofT-shorc  island  tied  to  the  niainland  by  sand  bars.     (It. 

origin.) 
TaQgue :  A  narrow  cape 

Tote^rCMld  ■  A  road  in  the  weiods  for  hauling  camp  supplies. 
Tower:  A  peak  risinp:  willi  [trt-eipitous  slopes  from  an  elevated  table  land, 

Local  in  North  west 
Tributary    An  affluent  flo\ving  intu  a  larjje  strt'am. 
Tttnidra  :  An  upland  or  alptnc  m:.rsh,  the  ground  beneath  which  is  frozen. 

These  are  great  areas  of  tundra  in  the  Arctic.     (Rus.) 

lYplaiid:  A  highland. 

Valley:    A  depression  in  the  land  surface  generally  elongated  and  usually 

ccmtaintng  a  stn^m. 
Vlei:    A  vly. 

Vly :   A  small  swamp,  usually  open  and  containing  a  pond.     Local  In  Middle 
Atlantic  States.     (Dutch  origin.) 

'Voe:    An  inlet,  bay  or  crtxk.     (Icelandic  origin.) 

Volcano:  A  mountain  which  has  Ijeen  buih  vl\\  by  the  materials  forced  inym 
the  interior  of  the  earth,  filHng  about  the  hole  from  which  they  were 
1  ejected.     These  may  be  lava»  cinders  or  riust. 

^^^olcanic  Reck:  The  solid  material  which  hai  filled  the  throat  or  vent  of 
^^h  a  ^'otcano,  and  ha5  resisted  degradation  ()ettcr  than  the  ma^  of  the 
^^K  mountain.  It  ihu^  finally  stands  alone  as  a  column  or  crag  of  igneous 
^H        rock 


Local  in 


ih;   The  bn^ad,  dry*  bed  of  a  stream;    a  dry  stream  channel. 

arid  West. 
'Waterfall:    Any   single  cataract.     Poth   the   lerms  waterfall  and  cataract 

may  be  applied  to  falb  of  like  magnitude. 
^•ter  Gap:   A  gap  through  a  mountain  occupied  by  an  existing  stream. 
Watershed;  The  ndg^  ui  high  land  or  aummil  separating  two  drainage  basins; 

I  he  summit  o*  land  Uum  which  water  divides  01  flows  in  two  or  more 

dinrctions. 

liu'  area  drained  by  a  stream. 
WtU:    Any  excavation  in  soil  or  rock  which  laps  underground  water. 
1/tod  Gap:   An  ckvatcd  gap  not  occupied  by  a  watercotxrse. 
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PLANE  AND  TACHYMETRIC  SURVEYING. 


CHAPTER  VII. 
PLANE-TABLES  AND  ALIDADES. 

• 

52.  Plane  and  Topog^raphic  Surveying. — Plane  surveying 
consists  of  the  representation  of  any  portion  of  the  surface  of 
the  earth  in  horizontal  plan  as  it  would  appear  viewed  from 
vertical  positions  over  every  point  on  the  surface.  The  result* 
ing  map  may  be  considered  as  consisting  of  an  infinite  number 
of  points,  the  positions  and  relations  of  only  so  many  of  which 
are  established  as  may  be  necessary  to  define  the  features 
which  it  is  desired  to  represent,  and  this  constitutes  the  in- 
strumental work  of  the  survey.  The  prime  element  of  posi- 
tion  in  the  construction  of  such  a  map  is  a  point  in  space. 
Such  a  position  is  indefinite,  however,  and  to  introduce 
the  definite  elements  of  direction  and  distance  it  is  necessary 
to  add  at  least  one  other  point.  The  addition  of  a  third 
point  introduces  trigonometric  functions  by  which  any  three 
elements  of  a  triangle,  except  the  three  angles  alone,  serve  to 
determine  all  others.  These  trigonometric  functions  may  be 
solved  or  determined  mathematically  in  figures  from  linear 
measures  or  angles,  and  graphically  by  means  of  the  plane- 
table. 

The  element  of  direction  or  azimuth  is  the  deflection  from 
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a  true  north  and  south  line,  or  it  may  be  a  compass  bearing, 
which  is  a  deflection  from  the  magnetic  north  and  soutli  line, 
or  it  may  be  the  amount  of  deflection  from  any  assumed 
line.  The  amount  of  such  deflection  of  one  hne  from  another 
is  measured  by  the  angle  formed  at  their  intersection.  The 
element  of  disianct'  is  measured  by  any  unit  conventionally 
established,  the  most  definite  of  which  in  present  use  arc  the 
yard  and  meter  (Art.  293). 

The  representation  of  any  portion  of  the  earth's  surface 
by  a  typographic  map  requires  that»  in  addition  to  the  projec- 
tion upon  a  horizontal  plane  of  a  suflicicnt  number  of  points 
to  reproduce  in  plan  the  surface  of  the  land,  there  shall  also 
be  indicated  in  some  way  the  relief  of  the  surface  or  its 
changes  of  height  above,  within,  or  below  a  fixed  level  surface. 
Such  representation  is  made  by  determining  inst  rumen  tally 
the  elevation  of  such  a  number  of  points  that  the  survey  may 
be  completed  by  drawing  in  the  details  between  them.  The 
new  method  of  topographic  surveying  is  by  the  determination 
of  the  least  number  of  such  points^  and  therefore  calls  for  the 
greatest  display  of  artistic  and  topographic  skill,  perception, 
and  judgment  on  the  part  of  the  topographer. 

53.  Plane-table  Surveying — The  plane-table  (Art*  56)  is 
peculiarly  well  adapted  to  the  mapping  of  topography,  not 
only  because  it  permits  of  quickly  and  graphically  obtaining 
all  the  instrumental  data  which  is  requisite,  but  also  because 
it  has  the  added  advantages, 

First,  of  having  the  map  made  in  the  field  while  the  ter- 
rane  is  in  view  of  the  topographer; 

Second,  the  topographer  can  see  at  at!  times  whether  he 
has  obtained  all  data  necessary  for  the  representation  of  the 
country;  and 

Third,  any  insufficiency  of   instrumental  or   interpolated 
data  can  at  once  be  supplied  before  leaving  the  field. 
^^H  In  surt'eying  with  the  plane-table  the  errors  in  measure- 
ment of  horizontal  angles  can  be  so  far  eliminated  in  practice 


that  they  may  be  neglected-  In  practice  the  horizontal  pro- 
jections of  existing  angles  are  recorded  graphically  and  are 
therefore  free  from  errors  of  record,  adjustment,  or  platting. 
In  using  tlie  plane-table  a  number  of  points  may  have  had 
their  positions  previously  determined  and  platted  on  the  map 
sheet.  After  the  plane-table  has  been  oriented  and  clamped 
each  of  these  should  be  sighted  from  the  first  position  occu- 
pied, and  all  other  points  in  view  should  appear  in  vertical 
planes  passing  through  the  station  and  corresponding  points 
on  the  sheet.  Such  points  as  do  not  meet  this  geometric  test 
should  be  rejected  until  corrected  or  relocated  graphically. 

In  locating  from  a  given  station  positions  which  are  to  be 
used  in  controlling  the  details  of  the  sketching,  a  series  of 
radial  lines  (Fig.  46}  should  be  drawn  from  the  station  in  all 
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Fro.  46.— Dbawikg  Radial  Sight  Links. 

directions  to  salient  points.  This  operation  should  be  re- 
peated at  other  stations,  and  the  intersectiapi  (Fig,  47)  of  any 

two  on  the  same  object  gives  its  elcmentar>'  location,  a  third 
line  through  the  same  point  placing  beyond  doubt  the  accu* 
racy  of  its  location*  Accordingly,  in  this  mode  of  surveying, 
constant  opportunities  occur  for  checking  locations  without 
calculation.   The  causes  of  failure  to  check  may  be  immediately 


PLANE-TABLE  SURVEYING. 


149 


testedi  and  the  scale  being  ever  present,  it  controls  the  amount 
of  detail  which  it  is  necessary  to  gather. 

Another  advantage  of  the  plane-table  as  a  surveying  in- 
strument lies  in  the  fact  that,  any  two  points  being  taken  on 
the  sheet  as  a  base,  a  map  may  be  constructed  therefrom 
independent  of  scale,  yet  perfect  in  its  proportion,  by  the 
method  of  intersection  alone.  If  the  base  chosen  be  a  very 
long  one,  as  the  two  points  of  a  trigonometric  survey,  and 


\« 


/ 


Fio.  47. — Intersecting  on  Radial  Lines. 

the  details  of  the  plane-table  survey  be  included  within  the 
limits  of  the  base,  then  the  survey  is  a  contracting  one  with 
a  diminishing  chance  of  error,  and  each  pair  of  intersections 
which  has  been  tested  geometrically  becomes  in  turn  a  base 
for  further  triangulation.  Ultimately  the  length  and  azimuth 
of  some  line  in  this  survey  may  be  determined  and  the  whole 
plane-table  survey  thus  be  reduced  after  the  completion  of  the 
field-work  to  any  desired  map  scale. 

54.  Reconnaissance  and  Execution  of  Plane-table  Tri- 
angulation.— Having  located  on  the  plane-table  sheet  (Art. 
188)  two  intervisible  and  well-defined  points,  the  topographer 
should  visit  one  of  these  and  erect  a  signal  of  sufficient  size 
to  be  visible  from  the  most  distant  part  of  the  territory  cor- 
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responding  to  the  plane-table  sheet.  Then  selecting  a  num- 
ber of  points  visible  from  his  position  which  may  furnish  satis- 
factory stations^  a  hasty  reconnaissance  trip  is  made  covering 
all  the  territory,  if  convenient,  othervvise  only  a  portion,  leaving 
the  remainder  until  after  the  plane-table  work  has  caught  up. 

This  reconnaissance  should  consist  in  the  selection  of  a 
few  commanding  and  well-dtstributed  stations,  preferably  on 
the  highest  eminences  in  the  region  under  survey,  and  on 
each  of  these  a  signal  should  be  erected.  The  distance  apart 
of  such  secondary  stations  is  chiefly  dependent  on  the  char- 
acter of  the  topography  and  the  scale  of  the  map,  and  may 
correspond  to  a  distance  on  the  paper  of  five  or  six  inches. 
Tn  the  course  of  this  reconnaissance,  a  number  of  other  sta- 
tions may  be  selected  by  merely  notitig  their  positions  and 
appearance,  these  being  on  prominent  cleared  points,  bare 
rocks,  mountain  summits,  a  high  lone  tree,  a  building  in  a 
field,  or  a  few  signal-flags  may  be  placed,  providing  a  suflficient 
number  of  natural  objects  are  not  discovered. 

The  topographer  then  begins  hiSi  plane-table  triangulatimi 
by  occupying  one  of  the  two  primary  points  and  orienting  on 
the  other,  lines  being  drawn  to  the  secondary  stations  and  to 
such  other  possible  tertiar^^  points  as  may  be  easily  recog- 
nized (Fig.  i).  He  then  occupies  the  second  of  the  primary  sta- 
tions and  orients  from  the  first,  intersecting  on  such  of  the  flags 
established  as  are  visible  from  his  position.  Or,  he  may  make 
his  second  station  on  one  of  the  points  sighted  from  the  first, 
determining  his  position  by  resecting  (Art.  74)  from  the  sec- 
ond primary  station.  He  continues  thus  until  he  has  carried 
a  secondary  or  skeleton  triangulation  over  the  entire  area  under 
survey,  taking  care  not  to  spend  too  much  time  in  sighting 
and  attempting  to  locate  minor  and  unimportant  objects,  but 
devoting  his  attention  primarily  to  the  location  of  his  second- 
ary stations  and  such  other  prominent  objects  as  are  readily 
recognizable  and  as  may  be  of  service  in  the  further  conduct 
of  the  plane-tabling. 
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To  this  skelttan  scfume  of  triangutation  the  topographer 
adjusts  the  traverse  h'nes  and  the  level  elevations  (Arts.  %o 
and  129)  and  then  proceeds  to  fill  in  the  details  of  his  map 
by  further  triangulation  and  the  sketching  of  topographic 
forms,  which  should  progress  together  hand  in  hand  (Art,  13). 
55,  Tertiary  Triangulation  from  Topographic  Sketch 
Points. — While  the  topographer  is  executing  this  outline  tri- 
angulatioHt  one  or  more  assistants  may  be  engaged  in  travers- 
ing roads  and  running  h'nes  of  careful  levels  (Arts,  80  and  129) 
Mver  the  area  under  survey,  so  planning  the  latter  as  to  well 
tstribute  the  primary  elevations  to  which  levels  of  less  accu- 
racy may  be  tied  and  adjusted.  On  the  completion  of  the 
secondary  triangulation,  the  topographer  will  have  at  his 
crommand  a  network  of  instrumental  control  to  which  to  tie 
Future  instrumental  and  topographic  details.  He  should 
i^djust  his  traverses  to  his  located  points,  add  the  elevations 
obtained  by  leveling  or  by  vertical  triangulation,  and  this 
twork  of  control  he  proceeds  to  fill  in  with  the  topographic 
etails  (Arts.  13  and  15). 

As  this  filling  in  of  details  progresses  he  occasionally  occu- 
es  tcrtiar>'  plane-table  stations,  which  should  now  bt-  selected 
:^referably  at  elevations  midway  of  the  slopes  of  the  country, 
^ir,  ia  other  words,  on  low^er  elevations  than  the  main  plane- 
^able  stations,  as  in  a  vacant  field  on  a  hillside,  a  point  on  a 
^oad»  or  on  alow  bare  summit.  From  such  points  he  should 
it  only  draw  lines  and  obtain  intersections  for  the  location 
of  additional  objects,  as  road  intersections,  buildings,  hill- 
ps»  etc.,  to  which  vertical  angles  must  also  be  measured, 
I  he  should  also  sketch  in  as  much  of  the  detail  of  the 
pography  as  is  clearly  visible  from  his  position  and  as  is 
tisfactoHly  controlled  by  locations  already  obtained. 

The  above  method  of  conducting  a  plane-table  survey  is 

iot  always  practicable  of  execution.      Frequently  the  country 

unfavorable  for  the  conducting  of  plane-table  triangulation, 

wing  to  its  being  too  wooded  for  the  occupation  of   many 
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stations*  or  because  it  is  of  such  a  generally  uniform  level  as 
to  offer  few  salient  objects  which  may  be  located  by  triangu- 
lation.  In  such  cases  other  methods  must  be  employed  to 
fill  in  the  topographic  details,  chiefly  traversing  of  various 
kinds  (Art.  8o)»  but  in  any  event  it  is  desirable  when  practi- 
cable to  control  and  tie  these  in  by  a  skeleton  plane-table  tri- 
angulation  executed  between  a  few  scattered  points,  which 
may  be  prepared  for  such  triangulation  by  clearing,  or  by  the 
erection  of  signals  even  at  considerable  expense  of  time  and 
money  (Art.  243). 

56,  Varieties  of  Plane-tables, — The  plane-table  consists 
of  four  parts : 

1.  The  tripod  ; 

2.  The  movements; 

3.  The  plane-table  board; 

4.  The  alidade. 

There  are  three  types  of  plane-tables*  in  order  of  rigidity 
as  follows: 

1.  The  Coast  Survey  plane-table; 

2.  The  Johnson  plane-table; 

3.  The  Gannett  plane-table* 

The  first  two  differ  little  in  the  form  of  tripod  and  legs, 
plane-table  board  and  alidade,  and  greatly  in  the  movement. 
The  latter  differs  iti  all  respects  from  the  other  two  and  is 
adapted  only  to  rough  reconnaissance  work.  To  these  may 
be  added  the  folding  plane-table,  chiefly  used  in  the  rough 
map-work  of  the  Powell  Survey  and  tlie  early  Geological 
Surveys.  A  fifth,  also  of  the  rougher  reconnaissance  kind  is 
the  Cavalry  sketching  board,  which  is  rarely  used  with  a  tri- 
pod, being  attached  to  the  wrist,  but  oriented  and  used  as  a 
plane-table»  though  sometimes  erected  on  a  Jacob's-staff, 

57,  Plane-table  Tripods  and  Boards. — The  tripod  legs 
of  the  Coast  Survey  and  Johnson  plane-tables  (Figs.  48  and 
49)  are  as  lightly  made  of  wood  as  is  consistent  with 
requi'site   strength,    shod  with   brass,  and   at  the  tripod  head 
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FtG,  48»— Coast  SuitVEV  Plane-tablx. 
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are  of  sufficient  width  to  reduce  lateral  motion  to  a  niin- 
imum. 

The  plane-table  board  is  made  of  well-seasoned  pine, 
paneled  with  the  grain  at  right  angles,  or  more  usually  with 
a  binding  strip  of  wood  dovetailed  on  its  two  ends  at  right 


Fig.  49. — Telescopic  Alidade  and  Johnson  Plane-table. 

angles  to  the  grain,  so  as  to  counteract  the  tendency  to  warp. 
The  upper  surface  should  be  finished  as  nearly  as  possible  in 
a  plane,  and  when  attached  to  the  movement  this  surface 
should  always  be  as  nearly  parallel  as  possible  to  the  plane  of 
revolution  of  the  movement,  so  that  the  two  planes  shall 
remain  parallel  in  all  positions  of  the  board. 
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58.  Plane-table  MoTements. — The  movements  of  both 
forms  of  plane-table  arc  of  brass.  Their  design  involves  the 
sanDc  essentials,  namely,  sufficient  strength  for  solidity; 
horizontal  revolving  faces  of  large  enough  diameter  and  suf- 
ficiently accurate  fit  to  prevent  vertical  motion  when  clamped 
together;  and  a  means  of  clamping  the  axis  of  revolution  to 
the  tripod  head  when  the  revolving  faces  have  been  made 
liorirontal  by  the  leveling  apparatus. 

The  details  of  the  Coast  Survey  plane-table  are  well  illus- 
'traled  in  Fig.  48,  from  which  it  will  be  observed  that  the  tri- 
pod legs  are  split,  widely  separated,  and  attached  to  the  tri- 
pod head  by  binding-screws  and  clamps ;  that  the  movement 
is  attached  to  the  tripod  head  by  means  of  a  center  clamping- 
screia*  as  in  ordinary'  surveying-instruments;  that  the  leveling 
effected  by  the  usual  form  of  three  leveling-screws;  and 
hat  the  horizontal  motion  is  obtained  by  two  heavy  circular 
jiates  sliding  one  upon  the  other,  the  lower  attached  to  the 
tripod  head  by  the  center  clamping-screw,  and  the  upper  to 
Jic  plane-table  board  by  three  clamping-screws,  and  both 
stcncd  together  by  a  center  axis  of  revolution.  There  is  in 
ddttion  a  clamping-screw  for  fixing  the  instrument  in  orienta- 
Bon,  and  a  tangent  screw  for  slow  motion.  This  instrument 
very  heavy,  is  rather  difficult  of  manipulation  because  of 
^accessibility  of  leveling  and  clamping-screws»  and  is  too 
"cumbersome  for  convenient  use,  excepting  where  travel  is 
isy. 

The  Johnson  plane-table  (Fig.  49),  so  named  after  its  in* 
eatoft  Willard  D.  Johnson,  is  used  by  the  United  States 
ieological  Survey,  and  though  not  quite  as  rigid  as  the  Coast 
Jur\'ey  type,  is  sufficiently  so  for  all  practical  purposes  and  is 
|uch  lighter^  more  portable,  and  more  easily  manipulated, 
ic  movement  is  also  more  compact  and  less  liable  to  de- 
igement  or  injury.  It  consists  of  a  split  tripod  securely 
ttachcd  to  the  head,  but  the  leveling  and  horizontal  move- 
jlcnts   arc    entirely    unique   in    surveying*instruments,  being 
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essentially  an  adaptation  of  the  ball-and-socket  principle,  so 
made  as  to  furnish  the  largest  practicable  amount  of  bearing 
surface. 

They  consist  of  two  cups,  one  inside  the  other^  the  inncj; 
surface  of  the  one  and  the  outer  surface  of  the  other  beir 
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Fig.  50. — Johnson  Plane-table  Movement. 

ground  to  fit  as  accurately  as  possible.  The  interior  cup  co 
sists  of  two  parts  or  rings,  one  outside  the  other,  one  control 
ling  the  movement  in  level,  and  the  other  that  in  azimuth  (Fi 
50).  From  each  of  these  there  projects  beneath  the  mov< 
ment  a  screw,  and  each  screw  is  clamped  by  a  wing  nut' 
These  cups  and  rings  are  bound  together  and  to  the  tripod 
head  by  the  two  nuts,  and  are  attached  to  the  plane-table 
board  by  screwing  it  over  a  center  axis  or  pin  projecting  from 
the  upper  surface  of  the  upper  cup.  The  instrument  is  fi 
leveled,  not  by  leveling-screws,  but  by  the  ball-and-socket  m 
tion  given  by  the  pair  of  cups  which  are  clamped  by  the 
upper  screw  when  the  board  is  level,  the  latter  being  still  lei 
free  to  revolve  horizontally  for  orientation  and  being  clamp 
by  the  lower  screw.  There  is  no  tangent  screw  for  slow  mo- 
tion in  azimuth,  it  being  possible  owing  to  the  long  lever-arm 
furnished  by  the  outer  edges  of  the  board  to  move  it  with 
sufficient  slowness  for  all  practicable  purposes. 

59,  Telescopic  Alidades. — Alidades  used  with  the  more 
rigid  plane-tables  differ  in  form  according  to  the  character  of 
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die  work  to  be  executed.  Where  the  instrument  is  used 
chiefly  in  triangulation,  the  alidade  should  be  of  the  most 
approved  type  and  the  rule  should  be  of  sufficient  length  to 
permit  its  being  used  as  a  straight-edge  in  drawing  lines  from 
one  extreme  of  the  board  to  the  other.  In  practice  this 
rarely  exceeds  25  inches  in  length.  In  using  the  plane-table 
in  sketching  or  traversing  a  smaller  aUdade  and  one  having  a 
straight-edge  not  exceeding  eighteen  inches  in  lengtli  will  be 
found  more  portable  and  better  adapted  to  the  work  re- 
quired. 

The  alidade  generally  employed  by  the  U.  S*  Coast  and 
Ceodetic  Survey  (Fig.  48)  consists  of  a  brass  or  steel 
3lmightegc  2i  by  5  inches  in  width  and  12  to  15  inches  long, 
I  i>erpendicular  to  which  rises  a  brass  column  3  inches  in  height. 
L  surmounted  by  Y's  in  which  rest  the  transverse  axes  uf  the 
L^elcscope.  To  one  end  of  the  axis  is  firmly  attached  an  arm 
^Bf  thirty  degrees,  graduated  to  minutes  on  either  side  of  a 
^^Btntral  zero,  the  accompanying  vernier  being  attached  to  the 
^^B  supports  On  the  telescope-tube  are  turned  two  shoulders 
^^n  which  rests  a  striding*leveJ.  There  is  a  clamp  and  tangent 
'  screw  for  slow  motion  for  moving  the  telescope  in  vertical  arc, 
and  on  the  straight-edge  *^re  two  small  spirit-levels  at  right 
ingles  to  each  other.  A  declinatoire  accompanies  the  alidade 
and  is  carried  in  a  separate  box  or  is  sometimes  attached  as  a 
part  of  the  striding-level.  The  declinatoire  box  is  oblong, 
.with  the  sides  parallel  to  the  north  and  south  lines  and  grad* 
ted  to  about  5  minutes  on  either  side  of  the  zero. 
The  chief  difference  between  this  alidade  and  the  one 
by  the  United  States  Geological  Survey  (Fig.  49)  is  that 
e  straight-edge  of  the  latter  is  1 8  or  24  Inches  in  length, 
ith  one  edge  beveled  and  graduated  to  the  scale  of  map- 
Thc  telescope  is  on  a  standard  4  inches  high,  has  a 
I  distance  of  15  inches  and  a  power  of  20  diameters,  with 
objective  of  if  inches  diameter.  The  telescope  revolves 
rizontally  in  a  sleeve,  with  a  stop  for  adjustment  of  vertical 
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coHimation.      Instead  of  two  small  levels  attached    to  the 
straight-edge,  a  single  detached  circular  level  is   carried  by. 
the  topographer.  ^M 

The  smaller  telescopic  alidade  used  by  the  United  Stat^fl 
Geological  Survey  (Fig.  51)  on   traverse  and  stadia  work  k_ 
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Fig.  si.^Telescopic  Alidads. 

more  like  the  Coast  Survey  alidade  in  having  a  shorter  tele* 
scope  and  focal  distance  and  a  shorter  straight-edge.  The 
vertical  arc,  instead  of  being  graduated  on  the  side  and  read* 
ing  against  a  vernier  as  is  customary  with  other  surveying  in- 
struments, is  a  sector,  which,  instead  of  pointing  downwards, 
points  towards  the  rear  or  eyepiece  of  the  telescope  and  is 
graduated  on  its  outer  surface.  This  is  read  against  a  vernier 
fixed  in  such  position  that  the  reading  may  be  made  from  one 
position  of  the  observer  at  the  eyepiece  without  his  movin, 
to  the  side  of  the  plane-table  as  in  ordinary  instruments. 

60.  Adjustments  of  Telescopic  Alidade. — There  am 
practically  no  adjustments  to  the  plane-table  and  aJidade 
excepting  the  adjustments  of  the  latter  for  striding-level  ajid 
colli  mat  ion.  Tests  may  be  made  of  the  straightness  of  the 
fiducial  edge  of  the  rule  by  drawing  a  line  along  it,  and  revci 
ing  it,  placing  the  opposite  ends  upon  the  marked  points  ai 
again  drawing  a  line;   if  the  two  lines  do  not  coincide,  the 
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edge  is  not  true.  It  is  not  necessary  that  the  two  edges  of 
the  straight-edge  be  exactly  parallel  if  care  is  always  taken  in 
using  the  instmnnent  to  draw  along  but  one  edge. 

Attacked  levels  when  used  may  be  adjusted  by  placing  the 
alidade  in  the  middle  of  the  table,  marking  its  edges  on  the 
paper,  and  bringing  the  bubble  to  center  by  means  of  the 
leveling  apparatus;  then  it  is  reversed  i8o  degrees,  and  if  the 
bubble  be  not  in  the  center  it  is  corrected  one-half  by  level- 
ing the  table,  and  the  other  half  by  adjusting  the  screws  of  the 
attached  levels. 

The  striding'level  is  adjusted  by  placing  the  alidade  in  the 
tenter  of  the  table,  leveling  the  telescope  by  the  vertical  tan* 
gent  screw,  then  reversing  the  level  upon  the  telescope.  If 
the  bubble  come  not  to  the  exact  center  of  the  tube,  half  of 
the  error  is  to  be  adjusted  by  the  screws  in  the  level,  and  the 
other  half  by  releveling  the  telescope  with  the  tangent  screw. 
In  addition  to  the  above  there  are  a  few  other  adjustments^ 
that  of  making  the  line  of  coHimation  perpendicular  to  the 
cts  of  revolution  of  the  telescope,  and  of  making  the  latter 
Parallel  to  the  plane  of  the  rule,  and  for  parallax,  and  t»o  cor- 
rect the  zero  of  vertical  arc,  etc.  None  of  these  need,  how- 
ver.  be  described,  as  in  the  alidade  as  now  made  the  bear- 
ftgs  of  the  axes  are  unchangeable  and  there  is  either  a 
means  of  setting  the  vernier  at  zero  or  an  index  error  is  to  be 
read. 

6l.  Gannett   Plane-table.— Where  rough   traverses   arc 

xn  the  making  of  small-scale  maps,  and  a  firm  board  is  un- 

cessaiy,  an  exceedingly  convenient  and  portable  plane-table 

f that  employed  in  the  U.  S.  Geological  Survey  and  known  as 

Gannett  plane-table  (Fig.    52),    after  its  originator,  Mr. 

:nr)*  Gannett,     The  tripod  of  this  instrument  is  very  light, 

nsisting  of  three  straight  legs  made  of  single  pieces  of  wood. 

bese  are  shod  with  metal  tips  and  attached  by  bolts  and  nuts 

the  head,   which  is  a  simple  plate  3^  inches  in  diameter. 

The  board,  which  is  15  inches  square  by  J  of  an  inch  in  thick- 
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ncss,  is  a  well-seasoned  piece  of  pine  and  is  attached  to  the 
tripod  by  a  single  center  screw.  There  is  no  leveling  apparatus, 
the  instrument  being  leveled  by  means  of  the  tripod  legs,  and 
there  is  no  means  of  clamping  the  instrument  in  azimuth,  the 
movement  in  azimuth  being  controlled  by  friction,  and  the 
board  being  held  in  place  by  friction  due  to  the  tightness  with 


Fio*  52, — Gajjnjltt  Traverse  Plajje-table  and  Sight  Alidade, 

which  it  is  bound  to  the  tripod  hctid  by  the  center  screw. 
In  running  traverses  the  table  is  not  oriented  by  backsights 
and  foresights^  but  is  adjusted  in  azimuth  by  means  of  a  com- 
pass needle  or  dccHnatoirc  having  a  range  of  S**  to  8**  and 
placed  in  a  small  oblong  box  J  to  5  inches  in  length  set  into 
the  side  of  the  board, 

62.  Sight-alidades. — The  alidade  used  with  the  Gannett 
plane-table  {Figs.  52  and  S3)  >s  6  inches  in  length,  o.i  inch 
in  thickness,  and  0.6  of  an  inch  in  width,  of  brass,  with  a  fold- 
ing front  sight  with  vertical  hair  3^  inches  in  length,  with  V 
sight-notch  in  the  top  and  a  short  peep-sight  in  the  rear. 
The  fiducial  edge  is  beveled  and  graduated  to  the  scale  of 
the  map. 
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To  determine  elevations  of  near  objects  in  traversing  with 
light  traverse  outfit,  a  small  sight-alidade  was  devised  by  the 
author  both  for  sighting  directions  and  for  determining  eleva- 
tions by  vertical  angulation*     (Fig-  53-)     This  consists  of  a 


Fig,  53,— Vertical  Angle  Sight  Alidade. 

ruler  nearly  7  inches  in  length,  }  of  an  inch  wide,  and  ^  of  an 
inch  thick,  made  of  brass  with  a  beveled  fiducial  edge  divided 
to  hundredths  of  a  mile  on  the  scale  of  the  field-work,  At  the 
rear  end  is  a  fixed  sight  one-half  inch  high  with  a  notched 
gun-sight,  and  beneath  this  i^  a  fine  peep-sight.  At  the  far 
end  is  a  hinged  sight  nearly  3  inches  in  height,  a  little  over 
one-half  inch  in  width,  and  with  a  slot  j*|j  of  an  inch  in  width 
extending  nearly  its  entire  length. 

So  far  it  is  quite  similar  to  the  ordinary  sight-alidade  used 
in  traversing  only.  It  differs  from  this  in  having  in  addition 
a  small  level-bubble  attached  to  it  near  the  rear  end,  and  close 
to  this  is  a  levcling-screw  with  milled  head*  The  forward 
sight  has  ruled  on  it  a  tangential  scale  on  which  the  smallest 
division  is  equivalent  to  20  feet  vertical  elevation  at  the  unit 
distance  of  1  mile.  Running  on  this  is  a  slide  with  horizontal 
cross-hair,  and  the  traverseman  in  sighting  any  object  applies 
his  eye  to  the  peep-sight  if  the  object  is  above,  or  to  the  slid- 
ing  scale  on  the  hinged  sight  if  the  object  is  below  him,  and 
moves  the  slide  up  and  down  until  the  horizontal  cross-hair  is 
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in  contact  with  the  top  of  the  object  sighted.  He  then  notes 
the  reading  on  the  tangent  scale,  and  measuring  on  his  trav- 
erse-board in  hundredths  of  miles  the  distance  from  his  occu- 
pied point  to  the  point  sighted,  he  multiplies  the  reading  of 
the  scale  by  this  distance,  and  the  product  is  the  difference  in 
height  in  feet.  The  alidade  may  be  leveled  by  the  small 
milled-head  screw  or  by  the  plane-table  movement  at  each 
sight  taken*  and  the  position  of  the  object  sighted  is  deter- 
mined »  in  case  of  trnveis  ,  by  intersection  from  various  tra- 
verse stations. 

63.  Folding  Exploratory  Plane-table. — This  consists  of 
a  folding  split-leg  tripod  similar  to  those  made  for  supporting 
photographic  cameras,  but  a  little  more  substantial.  The 
-  three  legs  are  carried  in  a  canvas  case  24  inches  in  length  and 
3  by  4  inches  in  cross-section.  The  tripod  head  consists  of  a 
triangular  block  of  wood  7  inches  on  each  side  by  1  inch 
thick,  with  metal  pegs  on  the  under  side  into  which  the  split 
legs  of  the  tripod  are  sprung,  and  carrying  a  centre  binding- 
screw  for  clamping  the  plane-table  movement.  This  latter 
consists  of  three  small  bronze  arms,  in  general  shape  like 
those  of  a  theodolite  or  transit,  supported  by  three  leveling- 
screws  and  having  a  clamp  and  tangent  screw,  (Fig.  54,) 
The  top  of  the  movement  is  a  screw  3I  inches  in  diameter,  to 
which  are  fastened  the  cross- braces  which  support  the  board. 
These  are  two  strips  of  wood,  24  inches  in  length  by  3  inches 
in  width  and  i  inch  in  thickness,  and  to  the  four  ends  of 
these  cross-arms  are  screwed  the  outer  slats  of  the  folding 
board. 

The  plane-table  baard  consists  of  24  wooden  slats,  each  24 
inches  in  length,  i  inch  in  width,  and  \  inch  in  thickness,  and 
bound  together  by  heavy  canvas  glued  to  one  surface  in  such 
manner  that  the  whole  can  be  rolled  into  a  compact,  cylin- 
drical form  and  carried  in  a  case  24  by  6  inches  in  diameter 
or  be  kept  unrolled  and  clamped  to  the  binding-strips.  The 
surface  of  this  plane-table  board  is  so  uneven  that  good  work 
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cannot  be  carried  over  any  considerable  area  without  appreci- 
able error-  Accordingly,  there  is  used  in  conjunction  with 
this  instrument  a  smnll  theodolite  with  5-inch  circle,  which  \^ 
screwed  to  the  plane-table  movement  in  place  of  the  board. 


Fig*  i4.--FoLDiifo  Explokatory  Plane-table  and  Small  Tmiodoliti* 

(Fig.  54.)  The  alidade  used  with  this  instrument  consists  of 
ra  simple  straight-edge  of  brass*  iS  inches  in  length,  with  fold* 
'ing  sights,  the  foresight  being  a  slot  with  two  or  three  peep- 
lIioIcs,  With  Uiis  apparatus  the  writer  has  carried  a  system 
[of  plane-table  triangulation,  accompanied  by  vertical  and 
I  horizontal  angles  with  the  gradienter,  and  has  made  a  com* 
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plctc  geographic  map  on  a  scale  of  4  miles  to  I  inch  and  with 
sketched  contours  of  200  feet  interval,  in  a  season  of  seven 
months,  over  an  area  of  n.ooo  square  miles.  The  extreme 
error  of  location  on  the  plane-table,  as  afterwards  corrected 
by  the  gradienter  angles  platted  to  a  primary  theodolite  tri- 
angulation,  was  a  little  in  excess  of  J  inch  in  a  linear  distance 
of  140  miles. 

64*  Cavalry  Sketch-board — This  is  a  modified  plane- 
table  devised  by  Captain  Willoughby  Verner  of  the  British 
Arniy.  It  has  an  extreme  length  of  9  to  12  inches  <ind  an 
extreme  width  of  7  to  9  inches.  (Fig.  55.)  On  either  side 
are  two  rollers  held  by  friction  thumb-screws  over  which  a 
continuous  roll  of  paper  is  passed.  At  one  end  of  the  board 
is  a  declinatoire  or  small  box  compass,  while  on  its  under  side 
is  a  pivoted  strap  by  which  it  can  be  fastened  to  the  wrist  of 
the  surveyor  and  revolved  for  orientation.  This  apparatus  is 
used  chiefly  as  a  traverse  plane-table  board,  the  line  of  direc- 
tion through  the  compass  being  parallel  to  the  general  direc- 
tion of  the  route  traversed.  An  attachment  to  the  under  side 
of  the  board  pennits  of  its  being  fastened  to  a  light  tripod  or 
Jacob's-staff,  when  desired.  An  adjunct  to  its  use  is  a  light 
alidade  with  scale,  and  it  is  employed  much  as  is  a  plane- 
table  excepting  that  its  range  is  limited  by  the  angle  seen 
ahead  when  attached  to  the  wrist.  Instead  of  a  d^-clinatoire 
a  small  magnetic  compass  may  be  counter- sunk  in  a  collar  in 
which  it  can  be  revolved*  and  on  the  glass  of  the  com- 
pass a  fine  line  is  engraved  which  is  termed  the  working 
meridian. 

To  use  the  board  the  working  meridian  is  set  in  the  direc- 
tion in  which  the  traverse  is  being  run  by  turning  the  compass- 
box  around  in  its  socket,  the  relative  positions  of  the  working 
meridian  and  the  board  being  thus  determined.  The  latter  is 
set  for  sketching  by  revolving  it  on  the  strap  pivot  until  the 
working  meridian  coincides  with  the  magnetic  needle  when  at 
rest.      In   order  to   prevent   the   paper  rollers  from  working 
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and  turn  the  roller  until  the  paper  is  taut.     Turn  the  protractor 
down  on  the  board. 

To  set  the  instrument  release  the  needle.  Face  in  the 
general  direction  of  the  route  to  be  mapped  and  hold  the  in- 
stnimcnt  in  the  left  hand  with  the  compass  to  the  right ;  orient 
It  until  the  long  way  of  the  paper  is  in  the  general  direction  of 
the  route  to  be  mapped.  Read  the  bearing,  unclamp  the  pro- 
tractor  and  turn  it  until  the  index  on  the  upper  plate  of  the 
carrier  indicates  the  same  reading  on  the  protractor  that  is 
s'iown  by  the  needle.     Move  the  paper  by  turning  one  of  the 
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^oilers  until  the  point  occupied  is  opposite  the  centre  of  the 

Protractor.     Unclamp  the  carrier  of  the  protractor  and  slide  it 

^long   the   bar  until   the  centre  of  the  protractor  is  over  tht- 

>int. 

Select  a  point  on  the  paper  for  the  initial  station,  preferably 

midway  of  the  edges  of  the  paper.     Now,  holding  the 

nstrument  in  the  left  hand,  or  having  it  mounted  on  the  staff, 

arient    it  until  the  reading  of  the   needle  corresponds  to  the 

reading  of  the  protractor  circle.     Turn   the  alidade  upon  all 

objects  it  is  desired  to  plot  on  the   map,  and  draw  light  lines 

the  slit  from  the  station-point  toward  them.     After  having 

taken  the  slopes  in  the  vicinity  and  sketched  in  the  detaiK  the 
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ruler  is  clamped    in   the  direction    of  the  next  station  and  a 
sight  line  drawn. 

646.  Army  Sketching-case»— This  instrument,  devised 
by  Glenn  S.  Smith  of  the  United  States  Geological  Sun^ey, 
is  an  improvement  on  and  has  a  much  wider  range  of  useful- 
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ness  than  the  Cavalry  and  Batson  sketching-cases,  than  which 
it  is  also  more  accurate. 

The  Army  Sketching-case  consists  of  a  plane-table  board, 
six  by  twelve  inches — to  the  lower  right-hand  side  of  which 
is  attached  a  compass  box  with  floating  dial*  three  inches  in 
diameter,  beveled  on  the  edge  and  graduated  to  360  degrees, 

A  protected  opening  in  the  compass  box  permits  the 
graduated  dial  to  be  read  either  from  above  or  when  the 
board  is  held  level  with  the  eye  of  the  observer. 

In  line  with  the  center  of  the  compass  and  parallel  with 
the  edge  of  the  board  are  placed  rifle  sights,  which  are  used 
as  an  alidade  in  taking  bearings. 

On   the  upper  side   of  the   board   is  mounted  a  circular 
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latc»    six   inches   in    diameter,  and    pivoted  at  the  center. 

This  plate  is  attached  to  an  L-shaped  base,  at  the  upper  end 

I  which  is  a  cylinder  through   which  passes   a  rod  parallel 

ith  and  secured  to  the  top  of  the  board. 

To  this  plate  may  be  attached  aluminum  protractor  cards 

ng  concentric  scale  graduations;   a  different  card  being 

ised   for  each   scale   used  m   mapping.     The  plate  and  card 

can   be   slid   on   guides  from  side  to  side  of  the  board  and 

lajnped  at  any  desired  position.     Over  this  protractor  paper 

travels  a  sheet   of  vellum  tracing  paper  which  is  wound  on 

friction  rolls. 

To  sketch  a  traversed  route  or  make  a  topographic  map 
rwith  this  instrument,  hold  it  level  in  one  hand  and  read  the 
compass  bearing  by  the  gun  sights  on  some  point  in  the  route 
of  iravcL 

Loosen  the  clamp  of  the  circular  plate  carrying  the  pro- 

ractor   and   revolve   the    plate    until    the  degree  mark  cor- 

spending   with   the   bearing    already   determined    coincides 

ith  the  index  line  of  the  clamp  and  then  clamp  the  plate,  Y' 

The  above  operation  insures  plotting  the  map  lengthwise 

<>f  the  paper. 

Draw  a  line  through  the  zero  and  one  hundred  and  eighty 
degree  mark  of  the  protractor  to  form  the  magnetic  index 
line. 

Being  now  prepared  to  proceed  with  the  survey,  sight  to 

Khe  point  to  be  occupied  as  the  next  station,  release  the 
leedte  and  read  the  bearing  on  the  dial. 
Choosing  a  point  on  the  paper  from  which  the  survey  is 
0  begin,  place  the  center  of  the  protractor  exactly  under  it 
and  draw  a  line  over  the  radiating  line  on  the  protactor  which 
corresponds  with  the  bearing  read  by  the  compass. 

Proceed  to  the  station  sighted  and  plot  the  distance  meas- 
ured by  means  of  the  radiating  circles,  which  have  a  value 
corresponding  to  the  scale  employed. 

Roll  the  paper  on  the  bottom  roller  until  the  second  sta- 
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tion  is  opposite  the  center  of  the  protractor,  and  move  the 
protractor  until  its  center  is  under  the  point  occupied  and 
proceed  as  at  the  first  station. 

To  locate  an  object  lying  on  either  side  of  the  line  of  sur- 
vey, read  the  bearing  to  it,  and  draw  a  short  line  on  the 
paper  over  the  line  in  the  protractor  having  the  same  num- 
bering. On  reaching  the  next  station,  again  sight  the  object 
and  draw  a  line  as  before.  The  intersection  of  these  two 
lines  is  the  location  desired. 


CHAPTER  VIII. 

SCALES,  PLANE-TABLE  PAPER.  AND  PENCILS. 

65.   Scales. — The  scales  of  topographic   map  are  of  two 

kinds  or  dimensions,  horizontal  and  vertical.     The  horizontal 

scale  is  the  ratio  obtained  by  dividing  the  distance  between 

two  points  on  the  map  by  the  corresponding  distance  on  the 

ground,  both  being    reduced    to   a   common    unit,   generally 

inches.     Scales  are  expressed  in  three  ways. 

1.  As  ratio  scales  ;  thus  or   i  :  12(X)  means  that  one 

1200 

inch,  centimeter,  etc.,  on  the  map  represents  1200  inches, 
crentimeters,  etc.,  on  the  ground.  Or,  as  there  are  12  inches 
t:o  one  foot,  one  inch  on  the  map  represents  100  feet  on  the 
ground. 

2.  Scale  may  be  graphically  expressed  by  drawing  a  line 
on  the  map  and  dividing  it  into  equal  parts,  each  division  re- 
presenting and  being  marked  with  the  corresponding  distance 
on  the  ground.  Thus  if  the  scale  is  one  inch  equal  to  100  feet, 
divide  an  inch  on  the  map  into  tenths  and  hundredths,  when 
one-tenth  of  an  inch  on  the  map  will  represent  ten  feet  on  the 
ground. 

3.  A  statement  in  words  may  be  used  to  represent  the 
scale  ;   thus,  i  inch  =  1200  feet  or  i  inch  =  2  miles. 

The  scale  of  a  map  is  selected  according  to  the  use  it  is  to 
serve.  If  the  map  is  of  a  farm  or  a  reservoir  site  or  a  railway 
alignment,  and  minor  details  of  fence  or  property  lines  and 
plans  for  construction  are  to  be  shown  upon  it,  a  large  scale, 
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a-  :  inch  =  :  zc  feet  or  i  inch  =  500  feet,  should  be  adopted.  If 
t  -h'.;'  '-nly  details  of  top«3graphy  in  a  well  inhabited  countrj'^ 
ci  -cale  of  I  inch  =  r  mi!e  more  or  less,  will  best  serve  the  pur- 
ji-.'-e.  If  an  exp!orat>r\-  '.r  geographic  map  is  desired  a  very 
-n:iall  scale,  a-  :  inch  =  10  miles  more  or  less,  will  be  best,  as  it 
will  permit  the  depiction  of  the  largest  possible  area  of  country- 
over  a  map  of  given  size. 

\'ertical  scale  is  repre<ented  on  topographic  maps  by  lines 
of  equal  elevation  or  contour  lines  see  Art.  192,  p.  455).  The 
•jcale  or  the  interval  between  contour  lines  is  selected  accord- 
ing to  the  horizontal  <cale  of  the  map  or  the  amount  of  detail 
t-  ■  be  shown  and  the  use  to  which  the  map  is  to  be  put;  it  also 
depends  on  the  ru^jgedness  or  smoothness  of  the  region 
mapped.  For  detailed  maps  having  horizontal  scales  of  i 
inch  =  100  feet,  etc.,  the  contour  interval  should  be  from  one 
to  five  feet.  For  topographic  maps  of  horizontal  scales  about 
I  inch=f  mile,  the  Ci»ntour  interval  maybe  from  fivt^  to  fifty 
feet.  Wrtical  scale  is  denoted  by  writing  the  figures  of  eleva- 
tion abo\'e  some  datum,  as  sea  level,  represented  by  the  con- 
tour lines  upon  those  line>. 

65a.  Special  Scales. — In  the  execution  of  any  topographic 
survey  some  special  scale  is  selected  for  the  field  platting. 
This  may  be  100  feet  «.)r  1000  feet  to  the  inch,  or  i  mile  to 
the  inch,  etc.  ;  but  he  the  scale  whatever  it  may,  the  work  of 
platting  distance  will  be  greatly  facilitated  by  the  construction 
of  special  scales  which  will  reduce  the  field  measurement 
directly  to  relative  distances  on  the  map.  As  in  Article  95,  in 
which  a  special  scale  f«»r  reducing  paces  of  men  or  animals  or 
time  of  travel  to  map  scale  is  shown,  scales  or  tables  should 
be  constructed  in  odometer  work,  in  which  a  certain  number 
of  revolutions  of  the  wheel  shall  correspond  directly  with  so 
many  divisions  of  the  platting  scale  1  Art.  98).  Such  scales 
can  be  easily  pre{)ared  by  the  toi)Ographer.  They  may  be  so 
<livided  that  given  distances  on  the  .scale  represent  so  many 
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Tcvalutions ;  or  a  mile  or  inch  scale  may  be  used  and  a  table 
constructed  in  which  a  given  number  of  revolutions  for  a 
given  sized  wheel  will  correspond  to  a  fixed  proportion  of  the 
mile  or  inch. 

In  such  topographic  mapping  as  is  executed  by  large 
oi^nizations,  as  the  U.  S.  Geological  Survey,  standard  scs^Ies 
are  adopted  for  field-work,  as  I  :  48,000  for  the  larger-scale 
topographic  maps  and  I  :  96,000  for  the  smaller-scale  maps, 
and  boxwood  or  steel  rules  are  obtained  from  the  vaiious 
makers  on  which  a  distance  corresponding  to  a  mile  on  ai:ale 
of  1:45^,000  is  divided  into  100  parts.  Then  if  the  tojiog- 
rapher  measures  a  given  fraction  of  a  mile  with  the  odometer, 
l.i}>e,  or  stadia,  he  plats  the  same  on  the  map,  not  by  reducing 
it  lo  inches  uVrt.  189),  but  by  his  scale  of  miles.  Likewise 
for  computing  vertical  angles  he  has  but  to  measure  ihe  dis- 
tances between  two  points  when  the  result  is  given  him,  not 
in  inches,  but  in  tenths  and  hundredths  of  a  mile,  and  that 
quantity  can  be  quickly  computed  by  slide-rule  (Art*  66)  or 
table,  since  these  are  generally  prepared  for  mile  or  foot 
measurements  and  not  for  inch  measurements. 

Similar  scales  or  diagrams  greatly  facilitate  the  work  of 
platting  triangulation  points  and  projectijig  maps.  A  scale 
has  been  devised  by  Mr,  A*  M.  Bumstead  of  the  U.  S.  Geo- 
logical Survey  for  platting  projections  and  triangulation  points 
On  a  scale  of  i  :  48,000  or  multiples  thereof.  This  saves  all 
tfic  work  of  reducing  the  odd  minutes  and  seconds  between 
platted  projection  lines  to  distances  on  the  map  stale  (Art. 
1S8).  as  the  scale  is  divided  into  minutes  and  their  fractions 

Lof  latitude  and  longitude  on  the  fixed  map  scale      Similar 

[scales  may  be  graduated  for  other  map  units. 

66.  Slide-rule* — The   slide-rule   consists   of  a  /lumber  of 

[scales  which  slide  one  on   the  other  and  arc  logarithms  of 

i  numbers  platted  to  scale.  These  scales  are  so  arranged 
that  the  corresponding  logarithms  may  be  brought  opposite 
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each  Other  so  as  to  fnechanically  add  or  subtract.  By 
its  use  nearly  all  forms  of  multiplication  and  division,  in- 
volutioa  and  evolution,  including  trigonometric  operations  and 
computations,  may  be  performed.  Slide-rules  arc  made  not 
only  for  the  ordinary  operations  of  multiplying  and  dividing, 
but  also  for  special  use  in  computing  stadia  measures  and  for 
computing  engineering  quantities  of  various  kind?. 

A  topographer  who  has  much  stadia  work  to  compute  and 
who  has  no  specially  prepared  tables  or  diagrams  for  his  scale 
of  work  should  use  a  slide-rule.  Likewise  in  computation  of 
vertical  angulation  a  slide- rule  should  be  used  where  tables  to 
scale  are  not  at  hand.  The  instrument  performs  accurately 
and  without  mental  cFfort  a  mass  of  tiresome  calculations,  mul- 
tiplications, and  divi  ions,  which  could  not  possibly  be  worked 
out  by  ordinary  methods  in  nearly  so  short  a  time  as  by  its 
use.  Where  accuracy  is  desired  slide-rules  may  now  be  pro- 
cured made  with  the  graduations  on  celluloid  facings.  As  a 
result  very  fine  readings  can  be  made,  especially  as  the  brass 
runner  of  the  older  forms  is  superseded  by  a  glass  plate  on 
which  line  lines  are  ruled. 

67.  Using  the  Slide-nile.— The  following  simple  explana- 
tions of  the  use  of  the  slide-rule  in  such  0{>erations  as  Ihe 
topographer  has  to  perform  are  extracted  from  an  article  by 
Mr.  G,  B.  Snyder  published  in  the  Engineering  News.  For 
better  understanding  of  this  explanation  the  four  scales 
on  the  slide-rule  shown  in  Fig,  56  are  marked  j4,  B,  C, 
and  D, 

Muitiplkation. — To  multiply,  set  the  index  of  the  slide 
opposite  the  multiplicand  on  the  rule,  the  result  will  then 
be  found  on  the  rule  under  the  multiplier  on  the  slide. 

Example:  Multiply  2  by  3- 

Using  scales  .4  and  B,  set  the  left  index  of  B  under  2 
cm  A,  then  over  3  on  B    will   be   found  6  on  A,   and    all 
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^e  other  numbers  on  B  will  be  found  to  be  in  the  same 
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Fig.  56. — Scales  of  thk  Slide  Rxtle. 

proportion    with    those    on    A.       Thus,     4    will    be    found 
^tider    8,     6    under     12,     7    under    14,    etc.,    or,    considered 
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as  a  proportion,  1 :  2  : :  3  :  6: :  4:  8 : :  6:  12,  etc.,  or  ^  =  | 
^  *  =  ^«^,  etc.  These  results  will  be  proportionally  the  same 
w  liatcvcr  value  we  assign  to  the  numbers,  which  can  be  con- 
sidered as  200,  600,  800,  etc.,  as  20,  60,  80,  etc.,  or  as  .2, 
.6,  .8,  etc. 

Rules  for  the  position  of  the  decimal-point  are  given  in  the 
pamphlet  that  accompanies  the  rule,  but  usually  its  position 
can  be  obtained  by  inspection. 

The  above  multiplication  can  be  performed  on  the  lower 
scales,  when  finer  readings  can  be  obtained.  If  the  left-hand 
index  of  C  is  set  over  2  on  D,  it  will  be  found  that  numbers 
above  5  on  the  slide  protrude  beyond  the  rule.  To  obtain 
these  results  the  right-hand  index  of  C  must  be  set  over  2  on 
/>.  when  12  will  be  found  under  6,  14  under  7,  16  under  8, 
etc. 

Jh'visio/i, — The  process  of  division  is  merely  the  reverse  of 
multiplication.  The  divisor  is  set  opposite  the  dividend,  and 
opposite  the  index  is  found  the  quotient. 

Kxamplc:   Divide  20  by  8. 

losing  the  lower  scales,  set  8  over  20;  under  the  index  will 
1)0  found  2.5. 

Si/tuirrs  ami  Square  Roots, — On  scales  A  and  B  there  are 
in  the  length  of  the  rule  two  complete  sets  of  numbers,  while 
tluMo  is  only  one  set  of  numbers  on  scales  C  and  /?,  the  num- 
hi'is  on  the  lower  scales  taking  up  twice  the  distance  they  do 
\»n  the  upper.  To  square  a  number  its  logarithm  must  be 
n\viltii)lied  by  2,  and  to  obtain  its  square  root  its  logarithm 
must  he  divided  by  2,  and  as  the  distances  on  the  rule  repre- 
^rnt  logarithms  of  the  numbers  affixed  to  it,  the  numbers  on 
I  ho  upper  scales  arc  the  squares  of  those  on  the  lower. 

To  s(iuare  a  number,  set  the  runner  to  the  number  on  the 
l»»\voi  -.oale,  and  the  coinciding  number  on  the  upper  scales 
will  hr  its  square.  Thus,  over  2  will  be  found  4;*  over  5  will 
lu   IduiuI  25  :  over  15  will  be  found  225,  etc. 

l\>  obtain  the  square  root  the  above  operation  is  reversed 
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by  setting  the  runner  to  the  number  on  the  upper  scale;  the 
coinciding  number  on  the  lower  scales  will  be  the  square  root. 
Thus,  under  9  will  be  found  3,  under  16  will  be  4,  under  625 
will  be  25,  etc.  As  there  are  two  sets  of  figures  on  the  upper 
scale,  care  must  be  taken  that  the  proper  one  is  used ;  thus, 
in  obtaining  the  square  root  of  9,  the  9  on  the  left  scale  must 
be  used,  for  if  the  runner  is  set  to  the  9  on  the  right-hand 
scale,  its  coincident  number  will  be  found  to  be  9.48  +,  which 
is  the  square  root  of  90. 

If  the  number  whose  square  root  is  to  be  taken  has  an  odd 
number  of  figures  in  it,  counting  the  figures  in  front  of  the 
decimal-point,  use  the  left-hand  scale;  if  an  even  number,  use 
the  right-hand  scale.  Thus,  with  625  use  the  left-hand  scale; 
with  62.5  use  the  right-hand.  If  the  number  is  all  decimal, 
use  the  right-hand  scale. 

The  Solution  of  Plane  Triangles, — The  under  side  of  the 
slide  is  graduated  to  a  scale  of  sines  and  a  scale  of  tangents, 
so  that  trigonometric  calculations  can  be  made  on  the  rule. 
When  the  under  side  of  the  slide  is  uppermost,  the  scale  of 
sines  will  be  along  scale  A  and  the  scale  of  tangents  along 
scale  D,  By  referring  to  a  table  of  natural  sines,  it  will  be 
found  that  1. 000  is  the  sine  of  90°,  that  .100  is  the  sine  of 
5*"  44',  and  that  .010  is  the  sine  of  about  o®  34i\  so  the  right 
index  of  the  scale  is  90°,  the  middle  index  is  5®  44',  and 
the  left  index  is  o**  34^'.  Sines  of  less  than  0°  34J'  can  be 
found  by  setting  34J  on  B  under  the  right  index  of  A  ;  then 
over  any  number  of  minutes  on  B  will  be  found  the  corre- 
sponding natural  sine  on  A.  Note  the  graduations  on  the 
scale  of  sines ;  as  rules  are  usually  graduated,  every  degree  is 
marked  between  40°  and  70**.  Above  70°  the  shorter  marks 
are  every  2°  until  the  first  long  mark  is  reached,  which  is  80**. 
There  is  only  one  mark  (85°)  between  80**  and  the  index. 

By  referring  to  a  table  of  natural  tangents,  i.cx)  will 
be  found  to  be  the  tangent  of  45"*,  and  .100  to  be  the 
tangent    of    5**  43',  so  the  right  index  of  the  scale   of  tan- 
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a-i    a    proportion,    I 


1:6:14:8: 


:  .  1  —  ^«,,  etc.     These  results  will  be  pr 
wlKili'VL-r  value  we  assign  to  the  numh» 
sidcrctl    a^  200,  600,  800,  etc.,  as  20. 

Rules  for  the  position  of  thetk-c- 
l).un])hKt  that  accompanies  the  ru! 
can  ])c  obtained  by  inspection. 

The  above  multiplication  ca: 
>c.ile>..  when  finer  readings  can  b- 
indrx  of  C  is  set  over  2  on  D.  i* 
al)ovc    5    on  the  slide  protruc!: 
I  host*  results  the  right-hand  v: 
IK  when    12  will  be  found 
etc. 

/ h'l'isiofi .  — T he  process  -    •  : 

multiplication.      The  divi-  :: 

opi)osite  the  index  is  fou?' 

I'.xample:   Divide  20 

Using  the  lower  seal- 
be  found  2.5. 

Stjiiivcs  and  Sijun 
in  the  length  of  the  i 
there  is  only  one  set 


■.  .11  (IC- 

\ «',  the  tan- 

■1  the  tangent: 

..•id  minutes  oi-* 

.  tangents  on  ther 

p.  be  obtained  \yr 

:  of  the  angle. 

the  slide-rule  and 

..".  three  or  four  fig- 

V.iat  is  the  altitude 
.:  the  base  of  0°  25' 
:  mgle  is  smaller  than 
:'j  rcale  of  sines  will  be 
::e  2'  mark.  Set  this 
.e-.  then  minutes  can 
•!•'  <ines  will  be  found 


bers  on  the  lower  m 
I'll   the  upper.     1   • 
multiplied   by  2,  .. 
must  be  divided  ♦• 
sent  logarithms  . 
tlic  upper  scale 

1\*  squan^ 
I'fwer  >cale, 
will  be  its  s«; 
be  found  2'        . -    * ' 

To  obt   *  ^^.- 


.>    ow  as  can  be  read  on 

.:   sjt  as  above,   34^'  will 

•vill  be  found   under 

-    -.Tner  to  25'  on  B  and 

;  ?e  found  9.0.     The  po- 

•r      ^:!C  by  a  mental  calcula- 

'-^\,:<  of  scale  A  correspond 

.^^^^•%e!y:   if  the  angle  had 

^.\  ,x»*'*!  1240;   if  it  had  been 

fc  ,  x-l!    124.0;   if  it  had  been 

^^     A»^    .>w^    I -.40;   the  angle   is 

.^j^  .X  c>ii  than  12.40, 
^^^.^.^<»^  r-a:tgle  with  a  base  64  ft. 
%aat  is  the  altitude  ?    Set 
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'   «»n  the  scale  of  tangents  will 

ititude  of  a  triangle  with  a  base 
the  base  of  72"*  15'? 
iicr  than  45*^,  and  cannot  be  read  on 
•  the  complement  of  the  angle  is  used 
base  instead  of  multiplying.     90**  — 
.-^ft  17  '  45'  over  24.5  ;  under  index  will  be 
altitude  required, 
case  with  which  numbers  can  be  squared  on 
work  can   readily  be  checked  by  seeing  if  the 
•!  the  sum  of  the  squares  of  the  two  legs  is  equal 
tothenuse.     One  of  the  simplest  ways  of  avoiding 
„^    is  to  bear  in  mind  that  sines  and  cosines  are  merely 
-^    i.iges  of  the  hypothenuse,  and  that  tangents   and  co- 
•     .       iit.s  are  percentages  of  the  base  or  altitude. 

I'lane  Triangles. — The  preceding  examples  have  been  ap- 
_  ^  :cd  to  right-angled  triangles  only.     The  following  are  ap- 
plied to  plane  triangles  in  general : 

Example:  Given   one  side   and  the  angles  of  a  triangle 
to  obtain  the  remaining  sides. 

Here  we  use  the  proposition :  Sine  of  the  angle  opposite 
the  given  side  :  sine  of  the  angle  opposite  the  required 
side  : :  the  given  side  :  the  required  side. 

To  solve  the  above  problem,  set  64°,  the  given  angle,  on 
scale  of  sines,  under  117,  the  given  side  on  A\  then  over 
76*^  will  be  found  126.3,  the  length  of  its  opposite  side,  and 
over  40°  will  be  found  83.7,  the  length  of  its  opposite  side. 

With  the  three  sides  given  and  one  of  the  angles  the  re- 
maining angles  can  be  found  in  the  same  way,  and  with  two 
sides  given  and  the  angle  opposite  to  one  of  them,  the  solu- 
tion is  equally  simple. 

Example:  Given  a  triangle  with  a  side  of  81  ft.  and  a  side 
of  60  ft.,  with  an  opposite  angle  of  40**.  Required  the  re- 
maining side  and  the  remaining  angles. 
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Set  40"*  on  scale  of  sines  under  60  on  scale  A  \  then  und 


le,  and  tiie  re 
over  80 


Hi    will  be  found  60*^,   being  the  opposite 
frnaining  angle  will  be  iSo**  —  (60^*  +  40')  =  80° 
be  found  92.  the  remaining  side, 

68.  Plane-table  Paper.— In  conducting  an  accurate  pla 
table  survey  the  paper  employed  is  as  important  an   instru- 
ment and  should  be  selected  and  handled  with  as  great  cai^ 
as  other  portions  of  the  outfit.     An  accurate  scheme  of  planfl 
table  triangulation  cannot  be  developed  and  delicate  inter- 
section  obtained    from    lines   drawn   on   inferior  paper   or  on 
paper  that  presents  an  uneven  surface.     The  practice  of  using 
large  sheets  of  paper  only  a  portion  of  w^hich  is  attached  to 
the  board  at  one  time,  the  remainder  being  rolled  up  and  re* 
tained    in    position    by  clamps,   is  to   be   discouraged.     The 
rolling  of  the  paper  produces  cracks  and  causes  it  to  buckle  in 
such  manner  as  to  render  it  impossible  to  obtain  the  most 
satisfactory  surface  on  which  to  rest  the  alidade.     Moreover^ 
the  cumbersome  roll  at  one  or  both  ends  of  the  board  pre- 
sents a  large  surface  to  the  winds  and  renders  it  difficult  to 
keep  the  table  steady  from  vibration  ev^en  in  winds  of  mod- 
erate   velocity.      Finally,    paper  js  very  sensitive  to   atmos- 
pheric changes;   especially  is  it  affected  by  the  moisture  ifti, 
or  dryness  of  the  atmosphere,  and  points  plotted  twenty  ^H 
thirty  inches  apart  will   frequently  be  found    in  error  aftcr^P 
lapse  of  but  a  few  days,  and  by  a  very  appreciable  amountj 
any  but  the  best  paper  is  used. 

The  best  planc-fabie  paper  is  doubk-mounti^d,  and  is 
pared  in  the  following  manner:  A  rectangular  wooden  frat 
a  little  larger  than  the  size  of  the  sheet  required  is  made,  and 
over  it  is  tightly  stretched,  by  means  of  tacks,  a  piece  of  the 
ordinary  muslin  or  cotton  cloth  used  in  map-mounting.  To 
each  side  of  this  is  pasted,  with  the  right  surface  out,  a  sheet 
of  the  best  drawing-paper,  so  oriented  that  the  grain  of  the 
two  sheets  will  be  crossed  at  right  angles*  The  result  is^| 
sheet  of    **  double-mounted**   drawing-paper;   one   which   is 
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tnt^y 

ratnlff 


PI^EPAJiATIOA*  OF  FIELD    SHEETS, 


i75 


icast  affected  by  atmospheric  changes,  and  it  has  been  found 

l^y  experiment  that  such  changes  affect  it  almost  uniformly  in 

^l\  directions.      Therefore,  if  variations  take  place  in  its  di- 

niensiods,  ihcy  arc  of  such  kind  as  may  be  largely  eliminated 

^y  a  uniform     reduction     or   enlargement    of   scale.       Such 

double-mounted    paper   can    now    be  purchased    of  most    of 

^he  larger   dealers  in   drawing    and    surveying    instruments, 

^^d  the  best   paper   for   this   purpose  has  been   found  to  be 

Paj'agon  grade  of  heavy  eggshell   or  double  elephant  paper. 

"^Uch  plane-table  sheets  cannot  be  rolled,  and  must  be  trans- 

I^*<:>rtcd    in    flat  wooden  boxes,  or  else  be  laid  against  the  sur- 

'^'^cc  of  the  plane-table  board  and  carried  in  a  suitable  canvas 

'^•'leather  case, 

teFor    leas    important   plane-table   work,    or   for    plancta  le 
verse^  ordinary  single-mounted  drawing-paper  of  good  quality 
y  be  used,  and  this  may  be  rolled,  or  single  sheets  may  be 
_  d  and  transfer  ma  !e  from  one  to  another  by  1  ng  orienting 
^^larks  on  the  board  and  on  the  paper.     For  j  lane- tabic  wurk  in 
^.region  of  bright  sunlight  wh.re  the  glare  affects  the  eves,  it 
^"las  been  found  desirable  to  use  tinted  drawing-paper  in  prefer- 
ence to  plaii  white,  and  the  most   satisfactory  arc  ihe  neutral 
ints  between    Paine*s   gray  and  ilale*blue.     Celluloid    sheets 
liaving  white  or  cjpaquc  surface  are  very  useful  in  regions  like 
^e  Adirondacks  or  the  Northwest,  where  there  is  much  rain 
^nd  dew.    Sheet  zinc  has  betm   found  effective  under  similar 
conditions,   the  topographic  features    being  scratched   upon  its 
surface  and  later  intensified  for  transfer  by  nibl  ing  with  lamp- 
black and  oil.     With  either  uf  ihtsc  materia  Is  ^  work  can  often 
be  done  on  misty  days,  when  the  wet  from  brush  and  leaves  of 
trees  would  soon  soak  common  jxiper, 

69*  Preparation  of  Field  Sheets. — In  planning  a  plane- 
table  surv^ey  of  a  given  region  a  number  of  plane-table  sheets 
should  be  prepared  of  such  a  size  as  will  fit  the  board.  On 
these  the  work   should   be    so    planned    as    to    leave    ample 
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margin  on  each  edge  to  permit  of  transferring  from  and  con*  j 
necttng  between  the  various  sheets.  On  each  sheet  shoul^H 
then  be  platted  at  least  two  points  (Art.  r88),  the  relativ^* 
positions  and  distances  between  and  azimuths  of  which  havt 
been  previously  determined  by  instrumental  triangulation 
primary  or  secondary  order.  In  case  no  such  prior  trian| 
lation  exists,  a  suitable  location  should  be  chosen  and  a  ter 
porary  base  line  carefully  measured  with  long  steel  tapes  i 
w4re  (Art.  204),  and  plotted  on  the  sheet  as  nearly  as  possibi 
in  correct  azimuth  and  in  the  relative  position  which  its  loca- 
tion on  the  ground  bears  to  the  area  under  survey.  Froc 
the  ends  a  plane-table  triangulation  may  be  expanded 
from  located  trigonometric  positions.  In  extreme  case 
where  absolute  distances  are  not  essential  or  where  work  is  t^ 
be  checked  by  an  after-primary  triangulation,  two  points 
may  be  selected  as  initial  stations  and  their  relative  positions 
be  fixed  on  the  plane-table  sheet,  the  distance  being  es 
mated  and  the  azimuth  marked  by  means  of  a  magnetFI 
needle.  If  later  a  geodetic  triangulation  locates  two  con- 
nected points  and  an  azimuth  within  the  surveyed  area,  the 
map  may  be  adjusted. 

Where  careful  plane-table  triangulation  is  being  con- 
ducted, points  should  not  be  transferred  from  one  plane-table 
sheet  to  another.  Each  sheet  should  have  located  upon  it  at 
least  two  points,  the  positions  of  which  have  been  deter- 
mined and  computed  by  geodetic  methods.  If  for  any 
reason  this  is  impossible,  it  should  be  assumed  that  the  act 
of  transferring  from  one  sheet  to  another  has  distorted  of 
affected  unfavorably  the  plane-table  triangulation,  and  in 
order  that  this  shall  be  in  one  direction  only,  and  therefore 
susceptible  of  after-correction,  only  two  points  should  be  so 
transferred,  with  the  intention  that  ultimately  a  scheme  of 
instrumental  triangulation  may  be  extended  over  the  area 
under  survey  and  the  plane-table  work  be  adjusted  thereto. 

The  first  desideratum  \\\  fastening  plane-tahU  **nptr  to  the 
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board  is  that  it  shall   be  held  Rnnly  and  equally,  and  so  as 

not  to  be  disturbed   in   its    position   by  the   friction  of   the 

alidade  or  by  ordinary  winds.     One  means  of  ellFecting  this  is 

by  brass  spring-clamps;  a  second  is  by  ordinary  thumb-tacks: 

and   a  third   by  screw-tacks.     The   latter  are  decidedly  the 

^^etter.      Clamps,   being    large,   are   liable    to    accidental   dis- 

^Burbance,  they  do  not  hold  the  paper  firmly,  and  are  at  all 

^nmes  therefore   liable  to  permit  a  movement  of  the  paper, 

^Vhe   ordinar>*   tluimb-tacks   hold   the  paper  firmly   when   in 

placc^  but   are  easily  loosened   and  lost,  while  in  high  winds 

^he  whole    paper   may  be  suddenly  ripped  from   the   board* 


Fjg,  57,— Douwle  Screw  to  Hold  Plank-tarle  Paper. 

^^plane-table  boarcL         /f,  hoUow  brass  wood  screw. 

C  milled  head  brass  clamping  screw. 

The  paper  should  bear  at  all  times  the  same  relation  to  the 

board  and  should  be  so  immovable  as  to  form  practically  a 

irt  of  it,      A  thumb-tack  which  fairly  fills  the  requirements 

is  a  screw-thread  cut  on  the  spike,  and  the  head  has  holes 

ink  into  it  so  that  these  may  be  clamped  by  a  spanner  and 

lie  tacks  screwed  into  the  wood.     These,  however,  project 

as  to   interfere  w^ith   the  free   movement  of  the  alidade. 

[ie  plane-table  boards  of  the  Geological  Survey  have  a  special 

ttachment  set  into  each  of  the  corners  and  sides,  w^hich  con- 

jsts  of  a  brass  cylinder  having  a  screw-thread  on  the  outside 

which  it  is  sunk  into  and  flush  with  the  surface  of  the 

ird,  and  the  inner  surface  has  a  female  screws  into  which  a 

lilled^head  clamping-screw^  is   fastened  through  the    paper, 

'ig-  57.) 
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70.  Manipulation   of  Pencil   and  Straight-edge*^— All 

lines  drawn  on  the  plane-table  board  should  be  made  with  the 
hardest  of  pencils  sharpened  to  a  very  fine  point ;  they  should 
be  lightly  drawn  close  to  the  edge  of  the  rule.  Great  care 
should  always  be  taken  to  hold  the  pencil  in  the  same  posi- 
tion, either  very  close  under  the  edge  of  the  ah'dade  or  verti- 
cally, so  that  its  point  shall  be  invariably  at  the  same  distance 
from  the  edge,  and  the  same  side  of  the  straight-edge  should 
always  be  employed,  lest  the  two  sides  be  not  truly  parallel 
or  bear  a  wrong  relation  to  the  axis  of  the  telescope.  If  any 
part  of  the  straight-edge  is  raised  from  the  paper,  especial 
care  must  be  obsen'ed  that  the  pencil  does  not  run  under  its 
edge  and  thus  deviate  from  a  straight  line* 

It  is  desirable  not  to  draw  lines  the  full  length  of  the 
sight,  but  short  lines  should  be  drawn  un  the  paper  approxi- 
mately at  the  location  of  the  point  which  is  sighted,  and  other 
short  lines  should  be  drawn  at  each  end  of  the  straight-edge, 
so  that  the  latter  may  at  any  time  be  laid  correctly  on  the  line 
sighted  (Fig.  47)*  The  alidade  should  never  be  moved  by 
sliding  it  over  the  surface  of  the  table,  but  in  changing  its  po- 
sition it  should  be  lifted  up  and  carefully  set  down  again  on  the 
table,  so  as  not  to  rub  the  lines  or  soil  the  paper.  When  an 
intersection  of  two  or  more  lines  is  obtained,  the  point  located 
should  not  be  pricked  with  a  pin  or  pencil  point,  but  the 
location  should  be  pricked  lightly  and  finely  with  a  delicately 
pointed  needle.  A  ncedlc-point  should  never  be  inserted 
in  the  paper  at  the  point  located  so  as  to  be  used  as  a  fulcrum 
about  which  to  rotate  the  alidade,  but  the  latter  should  al- 
ways be  lifted  up  and  laid  down  with  its  edge  against  the 
located  point  and  in  the  same  relation  thereto  as  were  the 
lines  drawn  to  the  point  with  the  pencil ;  that  is  to  say,  the 
under  edge  of  the  rule  must  bisect  or  be  tangent  to  the  point 
according  as  was  the  pencil-point  in  drawing  the  h'ne  which 
produced  the  location. 
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71.  Needle-points,  Pencil  Holders  and  Sharpeners. — In 
running  a  traverse,  and  in  the  execution  of  plane-table 
triangulation,  the  little  devices  and  tools  with  which  the 
topographer  is  provided  aid  greatly  in  facilitating  his  work. 
A  fine  needle-hole  may  be  made  to  mark  the  location  of  a 
triangulation  station.  In  traversing,  however,  the  work  is 
greatly  expedited  by  sticking  a  very  fine  needle  into  the  board 
around  which  to  revolve  the  light  sight-alidade.  In  this 
manner  the  topographer  has  not  to  watch  the  point  on  the 
paper  to  see  that  his  alidade  is  tangent  to  it,  but  has  simply 
to  press  the  alidade  edge  against  the  needle-point.  Such 
needle-points  are  made  by  taking  a  No.  10  needle,  breaking  it 
in  half,  and  melting  a  sealing-wax  head  upon  it.  The  short 
stem  renders  it  less  liable  to  be  broken,  and  the  head  is  large 
enough  to  press  with  force  into  the  paper. 

As  the  pencil  must  be  sharpened  frequently,  sixud-papcr 
sharpeners,  preferably  in  the  form  of  pads,  should  be  pro- 
vided, and  these  should  be  carried  attached  to  the  board  by 
a  string,  so  as  to  be  always  at  hand  for  rapid  renewal  of  the 
pencil-point. 

In  order  that  the  rubber  eraser  and  the  pencil  shall  be 
always  in  the  most  accessible  places,  leather  pencil  pockets  or 
holders  should  be  provided  in  which  pencils  can  be  carried  by 
attaching  the  holders  to  the  outer  garment  of  the  topographer. 
These  holders  help  protect  the  pencil-point.  The  rubber  eraser 
should  either  be  tied  by  a  string  to  the  board,  or,  better,  metal 
tips  provided  with  rubber  should  be  supplied  for  all  pencils. 
A  sufficient  number  of  these  should  be  carried  for  renewals. 


CHAPTER    IX, 
PLANE-TABLE   TRIANGULATION. 

72.  SettiDg  up  the  Plane-table. — In  sighting  si 
these  should  be  bisected  as  near  the  base  as  possible,  and 
signal -poles  should  be  straight  and  perpendicular,  and  the  flags 
upon  them  white  or  black  according  to  the  color  of  the  back* 
ground  against  which  they  are  to  be  seen.  They  should  be 
of  such  size  as  to  be  visible  at  the  greatest  distance  from  which 
they  must  be  observed.  The  positions  of  the  stations  should 
be  well  marked  with  a  small  cairn  of  rocks  and  by  measure- 
ment to  some  near-by  witness-mark,  so  that  if  the  signals 
disturbed  their  positions  can  be  readily  found. 

The  theoretic  requirements  of  setting  up  a  plane-table 
a  station  are: 

1.  The  plane  of  the  board  should  be  horizontal, 

2.  The  projection  of  the  station  on, the  map  should  be 
vertically  over  its  position  on  the  ground, 

3.  The  meridian  of  the  point  on  the  plane-table  sheet 
should  be  in  the  plane  of  the  meridian  of  the  station. 

The  first  of  these  requirements  is  met  by  a  proper  con- 
struction of  the  instrument.  For  small-scale  maps,  as  those 
of  more  than  1000  feet  to  the  inch,  the  second  requirement 
does  not  necessitate  the  plumbing  of  the  platted  point  exactly 
over  the  station,  since  the  instrument  can  generally  be  set  up 
near  enough  by  eye.  On  maps  of  larger  scales  the  location 
on  the  plane-table  corresponding  with  the  point  occupied  must 
be  plumbed  over  the  latter;  that  is  to  say,  the  center  of  the 
board  is  not  plumbed  over  the  station-mark,  but  the  platted 
point  itself.  If  the  plane-table  be  set  up  by  eye.  it  can  easily 
be  fixed  within  six  inches  of  its  true  position.  At  a  range  of 
half  a  mile  such  an  error  would  subtend  an  angle  of  less  than 
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a  minute^  and  angular  errors  of  such  small  amount  may 
be  neglected. 

The  third  of  the  above  requirements  is  met  by  orientation 
of  the  plane-table  board.  This  is  its  adjustment  in  azimuth, 
by  which  all  lines  joining  points  on  the  sheet  are  made  par- 
allel  to  corresponding  lines  in  nature. 

The  inclination  of  the  board  from  the  true  horizontal, 
plane  or  the  amount  which  it  is  out  of  level  affects  the  location 
in  azimuth  far  less  than  would  be  at  first  estimated.  This  is 
well  illustrated  in  the  following  table,  prepared  by  Mr.  Josiah 
Pierce,  Jr. 

Table  IV. 

ERROR   IN   HORIZONTAL  ANGLE   DUE   TO   INCLINATION   OF  ^ 
PLANE-TABLE   BOARD.  , 


loclioation 

Anirle  when 

Angle  when 

of  Board. 

Level 

Inclined. 

Maximum 

6 

a 

P 

Errors. 

• 

0       / 

n 

n           t          n 

/   // 

I 

45  oo 

08 

44  59  52 

0   16 

2 

45  oo 

36 

44  59  53 

I  03 

3 

45  oi 

10 

44  58  49 

2   21 

4 

45  o2 

06 

44  57  54 

4  12 

5 

45  03 

16 

44  56  43 

6  33 

6 

45  04 

43 

44  55  16 

9  27 

7  • 

45  06 

26 

44  53  34 

T2   52 

8 

45  08 

24 

44  51  33 

16   51 

9 

45  10 

38 

44  49  20 

21   18 

lO 

45  13 

09 

44  46  50 

26   19 

II 

45  15 

57 

44  44  03 

31  54 

12 

45  18 

59 

44  41  01 

37  58 

13 

45  22 

12 

44  37  42 

44  36 

14 

45  25 

55 

44  34  05 

51  50 

15 

45  29 

47 

44  30  14 

59  33 

From  the  above  it  appears  that  a  plane-table  or  theodolite 
maybe  15' out  of  level  before  the  maximum  error  in  the 
measurement  of  a  horizontal  angle  will  approach  1°. 

Also,  the  error  in  azimuth  is  a  maximum  when  £ir-j-/?=90**. 


I82  PLANE-TABLE    TRI ANGULATION. 

The  above  results  may  be  obtained  by  the  following  sim* 
pie  formula: 

I  = approximately,      .     .     .     .     (i) 

in  which  B  is  the  inclination  of  the  board  or  angle  which  it 
makes  with  the  horizontal. 

Thus,  if  the  board  were  out  of  level  i',  the  maximum 
error  in  azimuth  which  would  be  produced  would  be  about 
i6",  an  amount  scarcely  appreciable  at  12  feet.  An  error  in 
level  of  3°  would  only  produce  an  appreciable  maximum 
error  of  2'  21". 

73.  Location  by  Intersection. — There  being  platted  upon 
the  plane-table  paper  (Arts.  69  and  188)  the  known  positions 
of  at  least  two  points  which  are  in  view  from  the  station  over 
which  the  plane-table  is  set  up,  the  succeeding  plane-table 
triangulation  consists  in  the  determination  of  the  relative 
positions  on  the  paper  of  additional  points  m  nature.  This 
should,  so  far  as  practicable,  be  by  the  method  of  inter- 
sect  ions.  This  is  accomplished  by  previously  occupying 
known  positions  and  by  constructing  a  graphic  triangula- 
tion on  the  plane-table  board  from  these,  including  unknown 
positions  which  are  platted  in  the  course  of  the  work.  Where 
this  is  not  practicable,  as  is  occasionally  the  case,  because  of 
the  impossibility  of  occupying  some  of  the  known  positions, 
the  work  must  be  performed  by  the  method  of  resections  (Art. 
74),  by  which  unknown  points  are  occupied  and  positions 
determined  and  platted  on  the  paper  by  sighting  to  known 
points. 

The  controlling  condition  in  the  conduct  of  plane-table 
triangulation  is  that  the  board  shall  be  in  orientation  (Art. 
72).  Let  the  station  P  be  occupied,  and  /  be  its  platted  posi- 
tion on  the  plane-table  board  (Fig.  58,  A),  Let  a,  b^  c  be 
the  platted  positions  on  the  board  of  the  signal  /I,  the  church- 
spire  jff,  and  the  flag  C.     The  plane-table  board  being  leveled 
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and  oriented  approximately  by  eye  by  ranging  the  lines  from 
/  towards  a^  b,  c  in  the  directions  of  the  corresponding  signals^ 
A,  Bj  C,  the  edge  of  the  alidade  is  placed  on  the  line  pa,  and, 
the  horizontal  motion  being  undamped,  the  board  is  swung  in 
azimuth  until  the  cross-hairs  bisect  the  signal  A^  when  the 
horizontal  motion  is  clamped.  The  alidade  is  now  placed 
successively  on  the  lines  /^  and  pc.  If  in  sighting  th^^ 
signals  B  and  C  the  cross-hairs  bisect  these,  the  instrument  ^H 
oriented.  If  it  does  not  exactly  bisect  them,  there  is  some- 
thing wrong  with  the  platting  on  the  known  points  or  with 
the  observation  of  one  or  more  of  the  signals.  If  the  posi- 
tions of  the  points  have  been  accurately  determined  and 
platted,  the  cross-hairs  must  bisect  all  of  the  signals  on  known 
stations  when  observed  from  any  known  position. 

The  orientation  of  the  board  being  now  verified, p/ane-fabU 
triangiilatum  is  extended  by  placing  the  edge  of  the  alidade 
on  the  point  /  and  swinging  it  until  the  cross-hairs  bisect  a  ne 
signal,  Z?,  towards  which  a  line  is  drawn.     Lines  are  also  drav 
along  the  edge  of  the  ruler  when  it  is  pointed  to  a  chimney 
a  cupola,  or  to  other  visible  and  easily  distinguishable  objects, 
the  near  end  of  the  alidade  being  of  course  on  the  point  /. 
*  Everything  which  is  observable  from  this  station  and  which 
may  possibly  be  recognized  from  succeeding  stations  being  now 
indicated  on  the  paper  by  lines  drawn  from  /,  the  alidade  may 
be  moved  and  sighted  successively  to  each  of  the  points  ob* 
served,  and  the   vertical   angle   read  to  them   and   recorded 
(Art,  160).     The  work  of  this  station  is  then  completed,  and 
the  topographer  moves  to  the  next  station,  A. 

Having  oriented  the  board  on  the  second  station  as  before, 
by  placing  the  edge  of  the  alidade  against  the  known  and 
occupied  point  a  and  sighting  successively  to  the  know^n  points 
P,  Bf  Cf  etc*,  the  orientation  is  verified  by  observing  if  the 
edge  of  the  alidade  passes  through  the  located  points  /,  ^,  r, 
etc.  If  so  the  topographer  proceeds  to  intersect  some  of  the 
lines  previously  drawn  from  the  first  station,  P,     The  line 
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drawn  towards  the  new  point,  D,  intersects  the  line  drawn 
from  P  in  the  point  J,  which  is  its  position  {Fig.  58,  B). 
Likewise  intersections  are  made  on  the  cupola,  the  chimney, 
clc,  by  sighting  these  and  drawing  lines  along  the  edge  of 
the  nilcn 

The  positions  of  the  points  thus  determined  arc  not  con* 
sidercd  sufficiently  well  established  for  the  propagation  of 
triangulation  unless  a  third  intersection  is  had  on  them  fof 
the  purpose  ol  verijicatmi.  Where  it  is  difficult  to  get  a  third 
interaction,  locations  by  two  lines  will  answ^er  sufficiently 
well  for  intermediate  or  tertiary  points^  but  every  effort 
should  be  made  to  get  a  third  intersection  (Fig.  58,  C),  pro- 
viding anything  of  moment  is  dependent  upon  the  position. 
The  third  intersection  is  had  as  in  the  case  of  the  previous 
ones  by  occupation  of  one  of  the  remaining  points,  B  or  t\  or 
perhaps  by  occupation  of  the  new  point*  D,      In  the  latter 

I  event,  only  two  lines  having  been  previously  drawn  through  r/, 
its  position  is  more  accurately  verified  after  orientation  on  the 
previously  occupied  stations  P  and  A  by  resection  from  the 
occupied  stations  B  and  C.  In  this  event  it  may  be  necessary 
to  undamp  the  board  and  swing  it  a  trifle  in  azimuth  as 
described  in  the  three-point  problem  (Art.  75),  in  order  to  get 
^  nriore  exact  location  than  is  given  by  two  intersections, 
74.  Location  by  Resection.— The  thret' -point  problem  calls 
fcr  the  finding  of  distances  from  an  unknown  and  occupied 
|>oint  to  three  others  whose  relative  positions  and  distances 
^rc  known.  Only  the  constructive  or  graphic  solutions  of  the 
Problem  are  here  given,  and  not  the  theoretic  or  trigonometric^ 
^ncc  the  operation  of  locating  a  point  on  the  plane-table  is 
B^aphic  and  not  trigonometric. 

The   determination   of   an  unknown  point  graphically  on 

^    plane-table    is    performed    by  the    method  of  resection, 

hich  consists  in  the  occupation  of  the  unknown   point  with 

^  plane-table  and  the  sighting  from  it  to  the  three  known 

Points,  on  whicJi  well-defined  signals  must  be  erected  and  the 
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positions  of  wliich  are  previously  plotted  upon  the  plane- 
table  sheet.  The  determination  of  the  unknown  position 
may  be  accomplished  by  several  methods,  the  earlier  of  which 
is  known  as  Bessel's,  from  its  inventor,  though  the  most  sat- 
isfactory mctliod,  and  that  now  almost  universally  employed, 
is  known  as  the  Hergesheimer  or  Coast  Survey  method.  In 
addition  there  is  an  approximate  but  rapid  and  practical 
method  by  means  of  tracing-paper,  generally  known  as  the 
graphic  method,  and  there  are  also  the  less  weH-known  and 
rarely  employed  Lehmann's  and  Netto's  methods. 

75,  Three-point   Problem   Graphically   Solved Three 

simple*  practical  rules  for  determining  the  location  of  an  un- 
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known  point  on  the  plane-table  by  means  of  the  three-point 
problem  arc  the  following  (Fig.  59): 

I.  When  the  new  point  is  on  or  near  the  circle  passing 
through  the  other  points*  the  location  is  uncertain. 
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2.  When  the  new  point  is  within  the  triangle  formed  by 
the  three  points,  the  point  sought  is  within  the  triangle  of 
error^ 

3*  When  the  new  point  is  without  the  circle,  orient  on 
c  most  distant  point,  then  the  point  sought  is  always  on  the 
same  side  of  the  line  from  the  most  distant  point  as  the  point 
of  intersection  of  the  other  two  lines* 

The  last  rule  is  that  most  usually  called  into  requisition, 

iind  is  perhaps  the  most  important  in  aiding  in  the  quick  de* 
:crmination  of  the  unknown  position, 
76.  Tracing  paper  Solution  of  the  Three-point  Prob- 
lem,— By  the  use  of  tracin^j-paper  the  three-point  problem 
k  solved  approximately  with  great  rapidity.  Setting-up  the 
lable  on  the  unknown  point  -P(Fig.  58),  fasten  on  it  a  piece 
of  tracing-paper  of  sufficient  size  to  include  the  positions 
of  all  four  points.  A  fine  point  is  marked  upon  it  to  repre- 
sent the  position  of/  and  as  near  the  actual  location  of  that 
point  on  the  paper  can  be  estimated  by  eye*  The  alidade  is 
then  centered  about  the  point/ and  pointed  successively  at 
Ihc  three  known  points  A^  B,  and  C,  and  the  lines  pa^  plu 
4nd/<:are  drawn  on  the  tracing-paper.  The  alidade  being 
then  removed  and  the  tracing-paper  released,  this  is  so  shifted 
over  the  plane-table  sheet  that  the  line  pa  shall  always  pass 
through  the  located  point  a,  the  line  pb  through  the  located 
point  h^  and  the  linc/t-  through  the  located  point  c.  Then, 
with  all  three  lines  passing  through  the  known  points,  the 
point/  is  exactly  over  its  correct  position  on  the  plane-table 
paper,  and  may  be  pricked  through  to  the  latter. 

As  this  method  is  approximate  only  because  of  the  little 
inaccuracies  introduced  in  stretching  the  tracing-paper;  or 
tccause  of  its  wrinkling  and  the  difficulty  of  drawing  very  fine 
I'nes  on  the  tracing-paper  and  properly  superimposing  this, 
H  is  well,  where  an  exact  location  of  d  is  desired,  to  then  test 
^"e  position  of  the  latter  by  resection  from  the  known  points, 
^hen  a  small  triangle  of  error  may  be  found.     This  will  be  so 
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small,  however,  that  a  trifling  movement  o(  the  board  will 
bring  the  table  into  exact  orientation*  and  frequently  with 
much  greater  accuracy  and  ease  than  by  using  the  graphic 
three-point  method  only, 

77.  Bessers  Solution  of  the  Three*point  Problem. — 
Bessel  had  two  methods  of  solving  this  problem,  only  the  first 
of  which  will  be  described,  as  the  other  is  less  practical.  The 
plane-table  is  put  in  position  at  the  unknown  station  from 
which  the  three  known  points  must  be  visible,  and  the  position 
of  the  unknown  point  can  then  be  found  as  follows^  provid- 
ing it  be  not  in  the  circumference  of  a  circle  passing  through 
the  three  fixed  points: 

A  quadrilateral  is  constructed  with  all  the  angles  within 
the  circumference  of  a  circle,  one  diagonal  of  which  passes 
through  the  middle  one  of  the  three  fixed  points  and  the  point 
sought.  On  this  line  the  alidade  is  set,  the  telescope  directed 
to  the  middle  point,  and  the  plane-table  oriented-  Resections 
upon  the  extreme  points  intersect  on  this  line  and  determine 
the  position  of  the  point  sought*  In  Fig.  60,  let  a,  b^  c  be 
the  platted  position  of  the  known  points;  the  plane-table 
being  set  up  on  the  unknown  station  D  and  leveled,  the  alidade 
is  set  on  the  line  ca,  and  the  end  at  a  is  directed,  by  revolving 
the  table,  to  its  corresponding  signal  A^  and  the  table  clamped ; 
then,  with  the  alidade  centered  on  r,  the  middle  point  B  U 
sighted  with  the  alidade  and  the  line  cc  drawn  along  the  edge 
of  the  rule;  the  alidade  is  then  set  upon  the  line  aCy  and  the 
telescope  directed  to  the  signal  C  by  revolving  the  table,  and 
the  table  clamped*  Then,  with  the  alidade  centering  on  a,  the 
telescope  is  directed  to  the  middle  signal  B^  and  the  line  at  is 
drawn  along  the  edge  of  the  rule.  The  point  e  (the  intersec- 
tion of  these  two  lines)  will  be  in  the  line  passing  through  the 
middle  point  and  the  point  sought.  Set  the  alidade  upon  the 
line  be,  direct  b  to  the  signal  B  by  revolving  the  table,  and  the 
table  will  be  in  position.  Clamp  the  table,  center  the  alidade 
upon  a,  direct  the  telescope  to  the  signal  y|,  and  draw  along 
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the  rule  the  line  ad.  This  will  intersect  the  line  be  at  the 
point  sought.  Resection  upon  C,  by  centering  the  alidade  on 
c  in  the  same  manner  as  upon  A^  will  verify  its  position. 
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Fig.  6a— Bbssbl's  Graphic  Solution  of  the  Three-point  Problem. 


In  the  use  of  the  Bessel  methods  for  the  determination  of 
position,  the  triangle  formed  by  the  three  fixed  points  can  be 
contracted  or  extended  as  may  be  desirable,  by  drawing  a  line 
parallel  to  the  one  joining  the  two  extreme  points,  terminated 


190 


PLANE-TABLE   TRIANGULA  TfON, 


by  those  joining  the  extremes  with  the  middle  point.  The 
lines  laid  off  at  these  representative  extreme  points^  in  the 
manner  described  for  the  extremes,  will  intersect  in  the  h'nc 
passing  through  the  middle  point  and  the  point  sought. 

This  affords  the  means  of  using  a  point  in  view  which 
would  not  be  within  the  size  of  the  table  when  the  other  two 
points  are  shown,  by  contracting  the  triangle  formed  by  the 
three  points  until  both  extremes  are  brought  within  the  table 
size  and  within  reach  of  the  alidade.  A  resecting  line  for  the 
point  off  the  table  can  be  drawn  from  its  signal  near  the  esti- 
mated position  of  the  point  sought,  and  a  line  drawn  through 
the  corresponding  point  off  the  table,  parallel  to  this,  will 
determine  the  precise  position  of  the  point  sought,  to  be  veri- 
fied by  resection  on  the  other  extreme  point, 

78.  Coast  Survey  Solution  of  the  Three-point  Problem* 
— This  method  depends  upon  the  tact  that  when  the  plane- 
table  is  set  up  and  is  not  in  orientation,  resection  from  any 
three  known  points,  except  from  a  point  on  the  circumference 
of  a  circle  passing  through  these  points,  will  form  a  triangle 
called  the  triangle  of  trror,  or  two  of  these  lines  will  be  par- 
allel and  intersected  by  the  third.  The  position  of  the  true 
point  can  then  be  determined  graphically  from  these  several 
intersections,  and  is  always  at  the  point  of  intersection  of  the 
arcs  of  the  circles  drawn  through  each  two  points  and  the 
point  of  intersection  of  the  lines  drawn  from  them.  There 
arc  numerous  practicable  modes  of  locating  the  point  sought, 
and  these  have  been  divided  into  several  classes,  and  these 
again  into  several  cases  or  subdivisions  for  convenience  of 
description  (Fig.  59),  This  classification  is  based  upon  the 
location  of  the  true  point  in  relation  to  the  triangle  of  error, 
the  triangle  formed  by  the  three  fixed  points  being  called  the 
great  triangle,  and  the  circle  passing  through  these  points  the 
great  circle.  The  topographer  is  supposed  to  face  the  signals. 
4M(kd  directions  right  and  left  are  given  accordingly. 

Class  I,     When  the  point  sought  falls  within  the  great 
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■  triangle,  the  true  point  is  within  the  triangle  of  error.  If  the 
L  line  from  any  of  the  view-points  falls  to  the  right  of  the  inter- 
P   section  of  the  other  two  points*  turn  the  table  to  the  left; 

and  if  to  the  left,  turn  it  to  the  right. 

■  When  the  point  sought  is  without  the  great  triangle,  the 
*  true  point  is  also  without  the  triangle  of  error  and  is  situated 

to  the  right  or  left  of  it,  according  as  the  table  is  out  of  posi- 
tion to  the  right  or  left. 

Class  2.  When  the  point  sought  falls  within  either  of  three 
segments  formed  between  the  great  circle  and  the  sides  of  the 
great  triangle,  the  true  point  is  on  the  side  of  the  line  from 
the  middle  point  opposite  to  the  intersection  of  the  lines  from 
other  points.  Also,  where  the  three  fixed  points  are  in  a 
straight  line,  in  which  case  the  three  points  are  considered  as 
heing  on  the  circumference  of  a  circle  of  infinite  diameter,  the 
ti'Ue  point  always  lies  within  one  of  the  segments  of  the  great 
J^irclc. 

If  the  line  from  the  middle  point  is  to  the  right  of  the 
^tcrscction  of  the  other  two,  turn  the  tabic  to  the  right,  and 
Jf   to  the  left,  turn  it  to  the  left. 

Class  3  When  the  point  sought  falls  without  the  great 
Circle  and  within  the  sector  of  either  angle  of  the  great  tri- 
angle, the  true  point  is  on  the  same  side  of  the  line  from  the 
^^iddlc  point  as  the  intersection  of  the  lines  from  the  other 
fo  points. 

If  the  line  from  the  middle  point  is  to  the  right  of  the  in* 
trscction  of  the  other  two,  turn  the  table  lo  the  left,  and  if 
_lo  the  left,  turn  it  to  the  right. 

Class  4.   When  the  point  sought  is  without  the  great  circle 

^nd  the  middle  point  is  on   the  near  side  of  the  line  joining 

the  other  two  points,  the  true  point  is  without  the  triangle  of 

error,  and  the  line  drawn  from  the  middle  point  lies  between 

tke  true  point  and  the   intersection  of  the  other  two  lines. 

AlsOt  when  the  point  sought  is  on  the  range  of  either  of  the 

vsif  points,  and  the  table  deflected  from  the  true  position,  the 


192 


PLA  N£'  TA  BLE    l^RIA  XG  ULA  TIOX, 


from  the 


points  wilt  not  intersecti  but  will  be 
parallel  to  and  intersected  by  the  line  drawn  from  the  third. 
The  true  point  is  then  between  the  two  parallel  lines. 

When  the  line  from  the  right-hand  station  is  uppermost, 
turn  the  table  to  the  right,  and  when  that  from  the  left  is 
uppermost,  turn  the  table  to  the  left. 

79,  Ranging-in,  Lining-in.  and  Two-point  Problem.— 
It  is  sometimes  desirable  to  place  the  plane-table  in  position 
at  an  unknown  point  from  which  only  two  known  points  are 
visible.  This  may  be  easily  done  in  the  following  two  cases 
by  methods  known  as  **  ranging-in  **  and  **  lining-in/' 

Rangini^-ifi  consists  in  determining  the  position  of  a  point 
on  a  line  already  drawn  on  the  plane-table,  but  elsewhere  on 
that  line  than  at  the  position  of  the  point  sighted  In  Fig. 
61  let  A  and  B  be  the  positions  of  the  two  known  points,  and 
let  AC  h^  a  line  dra%vn  from  A  towards  the  point  C.      When 


Fig.  61. — Ranging-in. 

the  topographer  reaches  C  let  him  find  it,  for  some  reason,  in- 
accessible; it  may  be  a  tree»  a  building,  or  some  other  object 
near  which,  but  not  over  which,  he  may  set  up.  Aligning 
himself,  therefore,  by  eye  in  the  direction  AC  hy  means  of 
range-poles  or  by  sighting  over  the  top  of  C  at  A,  he  sets 
up  the  plane-table  on  the  line  thus  sighted  by  placing  the 
alidade  on  the  line  ac  and  resecting  on  A^  and  clamping  the 
table,  when  it  will  be  in  orientation.  Placing  the  end  of  the 
alidade  now  on  the  point  b  and  resecting  on  B^  the  line  drawn 
along  the  edge  of  the  rule  will  intersect  the  line  ac  at  the 
point  c\  the  position  sought. 

In  lining-in,  the  positions  of  the  points^  and  ^(Fig.  62) 
arc  known  and  located  on  the  plane-table  sheet  at  a  and  *,  and  a 
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line  having  been  drawn  from  one  of  the  stations  A  towards  an 
undetermined  point,  C,  it  is  desired  to  locate  another  undeter- 


FlG.  62. — LiNING-IN. 

mined  point,  C\  on  the  line  ac^  but  at  a  considerable  distance 
from  either  point.  The  topographer,  finding  a  suitable  posi- 
tion near  C^  proceeds  with  the  aid  of  an  assistant,  d^  to  place 
himself  in  a  line  between  A  and  C.  Standing  some  distance 
apart,  they  line  one  another  in,  the  topographer,  c\  by  sighting 
over  his  assistant,  d,  at  A  ;  the  assistant,  d,  sighting  over  the 
topographer,  ^,  at  C\  then  they  motion  each  other  backwards 
and  forwards  at  right  angles  to  the  line  ac  until  each  finds  the 
other  exactly  in  line  with  his  range-point.  The  topographer 
is  then  on  the  line  sighted  from  A  to  C,  and  may  set  up  his 
plane-table  and,  placing  the  alidade  on  ac^  resect  on  A^  when 
the  board  will  be  in  orientation.  Now,  setting  the  alidade  on 
point  b  and  resecting  on  B^  a  line  drawn  along  the  edge  of 
the  rule  will  intersect  the  line  ac  in  the  undetermined  point  c  . 
A  more  difficult  case  of  making  a  location  by  the  two-point 
problem  is  the  following:  Two  points  A  and  B  (Fig.  63),  not 
conveniently  accessible,  being  located  on  the  paper  at  a  and  b, 
it  is  desired  to  put  the  plane-table  in  position  at  a  third  point, 
C.  A  fourth  point,  D^  is  selected,  such  that  the  intersection 
from  C  and  D  upon  A  and  B  make  sufficiently  large  angles  for 
good  determinations.  Put  the  table  approximately  in  position 
at  A  by  estimation  or  compass,  and  draw  the  lines  Aa,  Bb^ 
intersecting  in  d\  through  d  draw  a  line  directed  to  C.  Then 
move  to  and  set  up  at  dT,  and  assuming  the  point  c  on  the 
line  dCt  at  an  estimated  distance  from  d,  and  putting  the 
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table  in  a  position  parallel  to  that  which  is  occupied  at  D^  by 
means  of  the  line  cd  draw  the  lines  from^  to  A^  and  from  c  to 
B.     These  will  intersect  the  lines  dA.  dB  at  points  a'  and  b\ 


Fig.  63. — Two-point  Problem. 

which  form  with  c  and  d  a  quadrilateral  similar  to  the  true 
one,  but  erroneous  in  size  and  position. 

The  angles  which  the  lines  ab  and  ab'  make  with  each 
other  is  the  error  in  position.  By  constructing  now  through 
c  a  line  cd'  making  the  same  angle  with  cd  as  that  which  ab 
makes  with  a'b\  and  directing  this  line  cd'  to  D^  the  table  will 
be  brought  into  position,  and  the  true  point,  Cy  can  be  found  by 
the  intersections  of  aA  and  bB.  Instead  of  transferring  the 
angle  of  error  by  construction,  it  may  be  convenient  to  pro- 
ceed as  follows,  observing  that  the  angle  which  the  line  a'b* 
makes  with  ab  is  the  error  in  the  position  of  the  table.  As 
the  table  now  stands,  ab'  is  parallel  with -4^,  but  it  is  desired 
to  turn  it  so  that  ab  shall  be  parallel  to  the  same.  If,  there- 
fore, the  alidade  be  placed  on  a'b'  and  a  mark  set  up  in  that 
direction,  then  placing  the  alidade  on  ^^and  turning  the  table  — 
until  it  again  points  to  the  mark,  ab  will  be  parallel  to  AB^^ 
and  the  table  be  in  position. 
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80,  Traverse  Surveys. — In  making  topographic  surveys — 

1,  The  area  mapped  may  of  necessity  be  surveyed  by 
running  meander  or  traverse  lines  where  it  is  impossible  or 

practicable  to  conduct  the  work  by  triangulation ;  or 

2.  Traverse  lines  may  be  run  in  conjunction  with  a 
trigonometric  survey  to  fill  in  the  details  which  cannot  be 
economically  reached  by  such  methods. 

Rarely  can  a  topographic  survey  be  made  in  the  most 
satisfactory  manner  by  trigonometric  methods  alone  and 
without  the  aid  of  traverse  work.  Such  conditions  may  be 
et  in  countr>'^  of  bold  features,  quite  open,  where  numerous 
tural  objects  may  be  at  all  times  visible  for  triangulation 
intersection  or  where  stadia- rods  or  flags  may  be  readily  seen 
from  every  station  occupied.  Ordinarily,  in  any  country  the 
lower  lines  of  the  terrane  are  not  visible  from  the  triangula- 
tion stations,  and  therefore  their  topography  is  most  easily 
obtained  by  means  of  traversing. 

In  running  traverse  surveys  the  errors  naturally  due  to  the 
^neasurement  of  distances  and  azimuths  are  of  such  amount  as 
^o  be  perceptible  in  maps  of  almost  any  scale,  and  they  must 
nherefore  be  adjusted  or  eliminated  by  tying  (lither  to 
traverses  of  greater  refinement  (Arts.  82,  226,  345a)  or  to  posi- 
tions located  by  the  trigonometric  survey  (Art.  73).  Traverses 
made  in  connection  with  topographic  mapping  are  of  several 
degrees  of  accuracy,  according  to  the  amount  of  trigonometric 
or  other  control  available  for  their  adjustment*     Where  the 
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^H  summits  are    of   comparatively   uniform    eleiration    and   all 

^V  timbered,  and  tt  is  therefore  diRicult  to  conduct  triangula- 

^B  tion,  it    may    be    more  economical    to  control    the    surveys 

^H  by   traverses.      In    making   surveys  in  this  manner,  covering 

^B  large  areas  on  small    scales,  as    i    or  2    miles  to   the  Inch, 

^H  primary  traverses  (Art.   226)  are  run  about  the    area  to  be 

^B  surveyed,  and  these  are    executed   with    the    greatest    care, 

^1  almost  as  in  the  measurement  of  base  lines  (Art.  202),  and 

^H  they  are  adjusted  to  one  or  more  astronomic  positions  (Part 

^H  VI).     Between  such  primary  traverses  the  topographer  will 

^H  run  secondary  traverses  with  transit  (Art.  85)  or  plane-table 

^H  (Art.  81).  or  solar  alidads  (Art.  345a);   distances  being  meas- 

^B  ured  by  stadia,  chain,  rjr  odometer,  according  to  circumstance 

^H  Where  the  roads  are  level,  have  few  short  bends^  are  most! 

^H  in  long  tangents  and  are  open,  measurements  may  be  made 

^H  with    nearly  as  great   accuracy  by  means   of  the  odometer 

^^k  (Art.  98)  as  by  stadia  or  chain.     Where  the  roads  are  crooked 

^H  or    it    is    necessary   to    run    traverses    off    them    and    across 

^1  country,   stadia   measurement  (Art.    102)  should   have    the 

^B  preference,  providing  the  timber  is  not  so  dense  as  to  preclude 

^B  ^  its  use.      In  densely  wooded  country  the  chain  or  tape  (Arts. 

^H  97  and  99)  must  be  employed  to  measure  distances.      When 

^H  it  becomes  necessary  to  procure  additional  elevations  in  con* 

^B  junction  with  the  traverse*  the  stadia   is  most   economical, 

^m  since    vertical  angulation    may  be   carried    on    at    the 

time. 
i  Where  traverses  are   run  in   connection  with  small-scale 

geographic  mapping  (Art.  29),  merely  to  get  the  directions 

L  and  bends  in  roads  and  trails,  the  crudest  methods  are  per- 

^k  missible,  because  of  the  numerous  points  on  these  which  will 

^B  be  sketched-in   from  the  plane-table  stations*      Under  such 

^K  circumstances  the  prismatic  compass  (Art.  91)  and  measurc- 

^1  ment  of  distance  by  odometer,   by  pacing,  or  by  counting 

^F  the  paces  of  animals  (Art.  95)  with  notes,  kept  in  a  book^ 

^^^H  will  furnish  sufficiently  ample  results.     Where  the  command 
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of  the  teirane  from  the  plane-table  stations  is  inconnpletc,  and 
traverses  must  be  run  either  to  obtain  the  positions  and 
directions  of  roads  or  to  map  adjacent  topographic  data, 
traverses  should  be  run  with  light  plane*table  and  sight- 
^idade  (Arts,  61  and  62),  accompanied  by  distances  measured 
with  odometer,  stadia,  chain,  or  pacing.  Where  traversing 
is  done  not  only  to  get  roads  and  topographic  detail,  but  also 
to  furnish  secondary  and  tertiary  control,  plane-tables  of  the 
Johnson  pattern  (Arts.  58  and  59)  should  be  employed, 
with  telescopic  alidade  or  with  solar  alidade  (Art,  345*1). 
Along  the  line  of  the  traverse  the  sight-alidade  Art.  62) 
should  be  used  on  most  of  the  intermediate  locations, 
and    distances     should     be     measured    as     in    ihc    previous 

81*  Traversing  by  Plane-table  and  Magnetic  Needle. 

— In  all  traverses  for  small-scale  maps,  the  plane-table  can 

be  most  satisfactorily  oriented  by  means  of  a  compass-needle. 

In    work   of  this  character  a   substantial    plane-table  is  not 

necessary,  a  light  portable  one  being  most  satisfactory.    This 

inay  be  either  of  the  Johnson   form   (Art.  58),  where  a  tele- 

rscopic  alidade  is  to  be  used  in  order  that  vertical  angles  and 

itadia  measurements  may  be  taken  (Arts.  160  and  102);   or  if 

«i   sight-alidade  will  sufHce    for    the  work    to  be  performed^ 

^hc  traverse-table  should  be  of  the  simplest   form    possible 

^<Art.  61), 

Traverses  run  with  this  apparatus  in  conjunction  with 
I  odometer  or  stadia  measurements  (Arts.  98  and  102)  will 
usually  close  in  short  circuits  of  ten  to  thirty  miles  perimeter, 
with  errors  so  small  as  to  be  readily  adjusted  by  connection 
to  better  traverse  or  triangulation  locations.  In  conducting 
iriv  rses  by  this  method  back-flags  are  unnecessary,  and  fore- 
fligs  are  only  necessary  in  large-scale  work  (Chap,  111), 
Work  on  scales  smaller  than  one  mile  to  the  inch  and  where 
the  traversing  is  on  roads  requires  no  fore^flags,  as  the  direc- 
tion of  the  road  itself  affords  sufficient  guide  to  the  direction  of 
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the  sight  taken.  Where  traversing  is  across  country  and 
without  guide  of  road  or  stream  line,  some  signal,  as  a  rod  or 
man,  is  necessary  to  serve  as  a  foresight  and  mark  the  fore- 
station.  In  traversing  in  this  way  it  is  unnecessary  to  set  up 
the  instrument  at  every  station,  for,  as  the  orienting  is  done 
by  the  needle,  it  can  be  done  with  greater  satisfaction  by 
the  occupation  of  every  alternate  station  only,  whereas  the 
speed  of  thus  setting  up  only  at  alternate  stations  is  greatly 
increased. 

Set  up  the  plane-table  at  the  first  station,  A^  and  orient 
(Art.  72)  by  swinging  the  board  into  such  position  that  the 
needle   will   point    to    the    north  and    south   marks.     The 


Fig.  64. — Traversing  with  Plane-table. 

foresight  is  taken  by  placing  the  near  end  of  the  alidade 
against  the  known  point,  a,  and  sighting  in  the  direction  of 
the  road  or  to  a  fore-flag,  B  (Fig.  64),  a  short  pencil-line 
being  drawn  along  the  ci\<g^  of  the  ruler.  Moving  forward 
now  to  the  foresight  point  B,  the  traverseman  notes  the  dis- 
tance  and   continues  on   to   the   next  bend  in   the   road   or 
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traverse  line,   where  he  sets  up  his  instrument  at  f.  again 
orients  by  the  compass-needle^  and  at  once  plats  on  the  first 
/orosight  the  distance  to  the  first  fore-station  b.     Now  plac* 
ing  the  far  end  of  the  alidade  against  the  second  location  b^ 
nicl    revolving  the   alidade    about   it^  he   backsights  on  the 
"si3.tion  B,  and  draws  a  line  towards  his  present  station,  from 
^vHich  he  measures  off  the  distance  from  the  second  to  the 
^Hird  or  present  station,  the  position  of  which  is  then  deter- 
mined and  platted  at  Cn     The  result  is  to  give  him  on  his 
*oard  two  lines  and  three  points  in  the  traverse.      He  then 
proceeds  as  before,  by  observing  a  foresight  on  the  next  for- 
'*a.rd  station*  />♦  and  moving  on  beyond  it  to  the  next  sta- 
I'tion,  E. 

82.  Control  by  Large-scale  Magnetic  Traverse  with 
I^lane-table, — When  it  is  necessary  to  secure  secondary 
Control  quickly  and  for  but  Urn. ted  areas, -this  may  be  graphi- 
cally done  on  the  plane-table  more  conveniently  than  by 
Using  a  transit  and  computing  latitudes  and  departures  (Art. 
90),  The  process  is  by  traversing  with  compass-needle  for 
scales  less  than  i  :  10,000,  as  above  describedt  but  the  scale 
of  platting  must  be  increased  to  two  or  three  times  that 
chosen  for  the  field  map.  This  is  in  order  to  eliminate  the 
errors  in  measurement  of  distances,  and  also  those  due  to  the 
graphic  platting  of  the  azimuths.  Such  errors  as  occur  in 
running  the  traverse  will  be  largely  eliminated  by  its  reduc- 
tion to  the  smaller  scale  on  which  the  remaining  field-work 
is  to  be  done.  As  described  in  Art.  69,  the  location  of  the 
initial  point  may  be  platted  on  the  plane-table  sheet,  or,  if 
not  known,  may  be  assumed,  in  which  case  the  work  will  be 
started  in  such  position  on  the  board  as  will  permit  of  the 
greater  extent  of  the  traverse  coming  within  its  area. 

In  this  way  a  number  of  traverse  lines  on  the  larger  scale 
are  run  back  and  forth  across  the  board  from  one  known  point 
to  a  terminus  at  another  known  point,  perhaps  thirty  or  fifty 
mites    distant.     The  work    must   be   performed   on  a    large 
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plane-table  board  with  a  telescopic  alidade  (Arts.  57  and  59). 
Distances  must  be  measured  with  a  stadia  or  chain  (Arts.  lOd^ 
and  99).  and  the  former  or  a  flag  must  be  sighted  to  give 
directions  more  accurately.  A  long  azimuth  line  parallel  to 
the  compass-needle  is  drawn  the  full  length  of  the  sheet. 
The  compass  should  be  a  d^clinatoirc  of  about  5  degrees 
range,  the  needle  being  not  less  than  6  inches  in  length,  and 
this  should  be  set  in  a  brass  box  let  into  the  board  and 
parallel  to  one  of  its  sides  (Art.  61). 

On  completion  of  the  traverse,  a  projection  is  made  (Art, 
184)  on  the  same  scale,  and  on  it  are  platted  the  initial  and 
closing  known  points  (Art.  188).  The  tra%*ersi  is  then 
transferred  to  this  projection  by  means  of  the  long  orienting 
lines,  and  if  rim  with  care  will  close  between  the  two  known 
points  within  a  reasonably  small  limit  of  error,  perhaps  a 
tenth  of  an  inch.  Controlling  points  on  this  traverse ,  as  road- 
crossings,  buildings,  etc.,  are  then  transferred  by  propor- 
tional dividers  or  by  measurement  of  their  positions  with 
relation  to  projection  lines  to  another  projection  which  is 
platted  on  the  scale  of  the  topographic  field-work,  probably 
two  or  three  times  smaller  than  that  of  the  traverse.  This 
reduction  will  diminish  the  closure  error  to  such  an  extent 
that  on  the  topographic  field  scale  it  may  be  a  twentieth  of 
an  inch  or  less.  This  will  probably  be  sufficiently  close  to 
serve  all  the  purposes  of  secondary  control  on  which  to  tie 
additional  traverses.  These  may  now  be  run  with  less  ac- 
curacy (Art-  81),  as  they  are  only  to  obtain  details  of  topog- 
raphy (Arts,  12  and  16). 

83.  Traversing:  by  Plane-table  with  Deflection  Angles. 
— ^Where  plane-table  work  is  being  executed  on  a  scale  larger 
than  1000  feet  to  i  inch,  directions  should  be  by  deflections 
from  back-flags.  Where,  however,  traversing  is  plriited  to 
smaller  scales  than,  say,  i  :  10,000,  they  can  be  executed 
with  greater  precision  by  means  of  a  plane*table  oriented  by 
magnetic  needle. 
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In  traversing  with  plane-table  and  deflection  angles  on  a 
large  scale^  the  plane- table r  will  set  up  at  the  first  traverse 
station.  If  this  is  located  on  his  map  by  intersection  from 
trtangulation,  or  is  a  point  on  a  line  the  azimuth  of  which  is 
known,  he  is  at  once  prepared  to  proceed  with  his  traverse. 
The  position  of  his  station  may  not  be  known  on  paper,  in 
which  case  it  may  be  obtained  by  resection  from  three  visible 
platted  points  (Art,  74),  or  he  may  have  no  way  of  fixing  the 
position  on  the  plane-table.  Making  a  fine  mark  on  the 
paper  by  means  of  asharp*pointed  needle,  and  accepting  this 
as  the  position  of  his  station,  he  proceeds  with  the  traverse  in 
the  anticipation  that  the  latter  may  ultimately  connect  with 
some  known  point,  thus  furnishing  data  from  which  to  make 
adjustment* 

Setting  up  the  plane-table  at  the  first  station,  A  (Fig.  64)1 
and  accepting  its  known  or  assumed  location,  a,  on  the  board, 
the  traverseman  proceeds  by  orienting  (Art.  72)  on  some 
known  point  or  azimuth  line,  Z,  if  he  has  such,  or  by  placing 
his  plane-table  as  nearly  as  possible  in  magnetic  meridian  by 
needle  or  by  eye  estimate.  He  then  rotates  the  near  end  of 
his  alidade  about  the  occupied  point  a^  and  sights  over  its  far 
end  at  a  stadia*rod  or  other  flag,  i»\  for  the  first  foresight. 
Moving  ahead  now  to  the  new  position,  he  leaves  either  a 
rodman  or  a  stake  or  saph'ng  with  a  piece  of  cloth  or  paper 
on  it  as  a  back  flag  at  A.  Setting  op  now  at  this  first  fore- 
sight station,  B,  and  carefully  plumbing  over  it,  he  orients  by 
placing  the  alidade  on  the  line  just  drawn  and  sights  back 
with  the  alidade  to  the  rear  flag  A  by  revolving  the  table,  the 
undetermined  end  of  the  line  on  the  plane-table  sheet  being 
towards  him.  Knowing  the  distance  from  the  first  station  to 
the  point  B  now  occupied,  cither  by  stadia,  tape  (Arts,  102 
and  99)  ur  other  measure,  he  plots  this  to  scale  on  the  line 
fir^t  sighted,  and  the  resulting  point  is  the  new  position,  b^  on 
the  plane-table*  The  traverseman,  now  having  his  present 
ftation  located  and  the  table  oriented  in  relation  to  the  first 
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foresight,  revolves  the  alidade  about  the  present  pointi  b, 
sights  the  next  fore-flag,  C,  and  draws  a  line  along  the  edge 
of  the  ruler.  He  now  moves  to  the  next  station,  C,  and  pro- 
ceeds  as  before. 

84.  Intersection  from  Traverse.  — In  running  traverses 
to  obtain  minor  control  and  to  furnish  details  of  topography, 
it  is  necessary  that  the  traverseman  locate  by  intersection  as 
many  of  the  near-by  features  as  practicable,  that  these  may 
act  as  guides  for  the  control  of  the  sketching  and  aid  in  the 
determination  of  additional  elevations.  These  intersections 
are  also  essential  as  aids  in  the  adjustment  of  traverses 
(Art.  12),  for  some  of  the  neighboring  summits  and  prominent 
objects  located  from  the  traverse  will  also  be  located  by  the 
plane-table  triangulation  (Art.  73),  and  they  thus  furnish  a 
means  of  adjusting  the  traverse  to  tlie  triangulation. 

The  mode  of  obtaining  these  intersections  is  as  follows: 
The  traverseman  having  set  up  and  oriented  hrs  plane-table 
(Art.  81),  either  by  backsight  or  by  compass-needie>  accord- 
ing to  the  mode  of  traversing,  and  having  completed  the 
observing  and  platting  of  the  necessary  fore  and  back 
sights  for  the  continuation  of  his  traverse,  he  places  the 
needle  at  the  occupied  station,  a  (Fig*  64),  and  swinging  the 
alidade  about  this,  sights  consecutively  to  such  prominent 
objects*  x%  Z£%  X,  and  j,  as  may  be  in  view  and  may  possibly 
be  seen  from  some  of  the  succeeding  traverse  stations.  To 
each  of  these  he  rules  a  short,  light  line.  Moving  on  now  to 
the  succeeding  stations,  B,  C\  and  D^  as  any  of  the  points 
previously  sighted  or  additional  useful  points  come  into  view, 
as  at  />,  radial  lines  are  drawn  to  them  from  </,  and  the  inter- 
sections of  these  with  the  lines  from  a  gives  the  positions 
of  the  points  %f,  zv^  etc.  The  location  of  some  of  these 
points  having  been  fixed  by  one  or  more  intersections  from 
the  traverse,  their  deviations  may  be  determined  by  the 
vertical  angle  read  to  them  with  the  telescopic  alidade  or 
the  vertical-angle  sight-alidade  (Arts,  59  and  62);  the  angle 
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read  with  the  distance  which  can  be  measured  from  the  plane- 
table  furnishing  data  from  which  to  compute,  or  obtain  from 
tables,  differences  of  elevation  (Art.  163). 

Traversing  consists  of  much  more  than  the  determination 
of  direction  and  distance — its  absolutely  essential  features. 

Traversemen  should,  in  the  course  of  their  work,  accu- 
rately locate  houses,  churches,  schoolhouses,  woodland  out- 
lines contiguous  to  roads,  railroad  crossings,  stream  crossings, 
and  all  State,  county,  town,  and  city  boundzries  when  marks 
are  found  on  the  ground,  also  township  and  section  corners 
where  recovered,  indicating  them  on  the  sheet  by  the  proper 
symbols. 

The  traverseman  should  also  locate  conspicuous  objects 
between  roads  as  an  aid  in  adjusting  and  sketching,  such  as 
prominent  hilltops,  houses,  corners  of  timber  tracts,  prominent 
trees,  etc.,  and  note  them  on  his  sheet  by  appropriate  sym- 
bols. All  ponds  near  roads  should  be  traversed,  on  foot  if 
necessary.  In  open  country  it  is  desirable  to  locate  large 
barns  and  windmills,  representing  them  thus : 


On  roads  where  there  are  few  houses,  barns  should  be  noted 
and  fence  lines  indicated,  thus: 

!  / 


Where  traverses  are  run  over  roads  which  have  been 
recently  leveled,  the  elevations  marked  on  fences,  at  corners, 
summits,  bridges,  etc.,  should  be  recorded  on  traverse 
sheets. 

Do  not  try  to  make  traverses  close,  but  show  them  un- 
connected, thus: 


203a 


TRAVERSE  INSTRUMENTS  AND  METHODS. 


Do  not  have  such  unconnected  junctions  occur  in  towns 
or  villages.  In  villages  and  cities  show  houses  separately 
whenever  the  vacant  space  between  hpuses  is  greater  than 
that  occupied  by  them ;   otherwise  block  in. 

Directions  of  streams  that  are  near  roads  should  be  noted 
and  sketched  in  as  accurately  as  possible ;  especially  should 
streams  that  cross  and  recross  roads  in  ravines  or  gullies  be 
sketched,  and  junctions  with  side  streams  shown,  thus: 


All  of  the  traverse  sheet  except  the  part  in  use  should  be 
covered   with   brown  paper,    and   on   the   under   side  of  the 


(j4(j. — Example  of  Traverse. 


sight  alidade  a  thin  piece  of  cloth  or  paper  should  be  pasted 
to  keep  the  sheet  clean. 

Names  of  villages,  streams,  hills,  etc.,  should  be  obtained 
and  written  plainly  on  the  traverse  sheet,  especial  care  being 
taken  to  get  correct  spelling. 

The  true  measure  of  a  traverseman*s  ability  is  the  fidelity 
and  correctness  with  which   he   shows  to   scale  all  the  fore- 
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going  facts,  so  that  the  topographer  who  follows  can  sketch 
rapidly  and  not  be  obliged  to  correct  locations  of  houses, 
woods,  streams,  hilltops,  etc.,  or  to  retraverse  faulty  work. 
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Hilltop. 

Evergreen  trees. 

Deciduous  trees. 

Stumps. 

Hilltop  with  flag. 

Spur  of  hill. 

Schoolhouse. 

Church. 

House. 

Barn. 

Cemetery. 

State  boundary. 

County  boundary. 

Township  boundary. 

Woodland. 

Windmill. 

Oil  and  gas  derrick. 

Railroad  station. 

Spring. 

Swamp. 


Dam. 

Canal  lock, 

Highway  under  railroad. 

Highway  over  railroad. 

Intermittent  stream, 

Located  township  corner. 

Located  section  corner. 

Mine  or  quarry. 

Lighthouse. 

Boundary  monument. 

Triangulation  station. 

Coke  ovens. 

Blacksmith  shop. 

Waterworks. 

Sawmill. 

Gristmill. 

Water  tank. 

Bridge. 


85.  Eng^ineers'  Transit. — This  is  the  instrument  com- 
monly employed  by  surveyors  for  the  angular  measurement 
of  directions.  It  consists  of  a  telescope  supported  in  axes, 
called  wyes,  in  which  it  can  revolve  in  a  vertical  plane  while 
the  whole  revolves  in  a  horizontal  plane,  the  amount  of  both 
movements  being  measured  on  graduated  circles  read  with 
verniers.  There  are  suitable  attachments  for  clamping  the 
telescope  and  the  horizontal  circle,  and  for  moving  them 
slowly  by  means  of  an  apparatus  called   a  tangent  screw. 


20iC 


TRAVERSE    INSTRUMENTS  AXD   METHODS 


Finally  the  whole  may  be  revolved  about  a  second  horizontal 
axis  (Fig.  65.)     The  transit  is  an  instrunncnt  but  little  used 


flUH!a| 
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Fig,  65. — Section  of  Engineers*  Transit. 

by  topographic  surveyors,  and  is  so  commonly  employed  in 
ordinary  surveying  and  described  in  text-books  and  catalogues 
that  its  description  will  not  be  elaborated  here.  There  are 
various  forms*  sizes»  and  patterns  of  transits,  differing  with  the 
ideas  of  the  makers  and  the  work  for  which  they  are  intended^ 
and  the  catalogues  furnished  by  the  makers  thoroughly 
describe  the  modes  of  adjusting  and  using  these  instru- 
ments. 

The  chief  points  to  be  remembered 
are  the  work  for  which  it  is  to  be  used, 
not  to  be  executed,  and  portability  is  an  object,  a  light 
mountain  transit  with  circles  reading  to  but  one  minute  will 
be  sufficiently  accurate.  If  the  highest  grade  of  work  is  to 
be  performed,  large,  heavy  instruments  having  circles  read* 
ing  to  twenty  or  thirty  seconds,  shifting  centers  and  large 
bubbles,  should  be   employed.     If  the  instrument  is   to  be 


n  sell  c ting  a  transit 
If  the  best  work  is 
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used  for  trigonometric  work,  the  most  important  points,  aside 
(roiTi  the  graduation  of  the  horizontal  limb  or  circle,  are  the 

Mie  of  the  objective  of  the  telescope  and  its  magnifying 
power.  That  sights  may  be  observed  in  hary  weather,  the 
pbjectivc  should  admit  the  greatest  possible  amount  of  light, 
'and  it  should  therefore  have  buL  two  gla>5ses  and  be  inverting;. 
86,  Adjustments  of  the  Transit. — The  transit  is  em- 
ployed primarily   for  measuring   horizontal   angles   between 

fio  objects  which  may  not  be  at  the  same  elevation.  There- 
lore,  after  pointing  at   one  of  these,  the  telescope  has  to  be 

Boved  through  a  vertical  arc  to  bring  the  line  of  sight  from 
the  first  point  to  the  second.  Any  error  in  the  instrument 
which  throws  the  line  of  sight  or  line  of  collimation  of  the 
telescope   out   of   plumb    in   performing    this   operation   will 

Uect  the  horizontal  angle  read.  It  is  therefore  evident  that 
this  adjustment^  known  as  the  colh'mation  adjustment,  which 
makes  the  telescope  revolve  in  a  true  vertical  plane,  is  one  of 
the  most  important*  Likewise  the  vertical  axis  of  the  transit 
must  be  truly  vertical  in  order  that  when  the  instrument  is 
turned  in  azimuth  the  line  of  sight  projected  into  the  horizon- 
til  plane  may  move  horizontally. 

The  various  adjustments  of  the  transit  consist  each  of 
^Wo  operations:  (i)  the  test  to  determine  the  error,  and 
(^)  the  correction  of  the  error  found*  If  the  transit  were  in 
feet  adjustment — 

1.  The  object-glass  and  eyeglasses  would  be  perpendic- 
to  the  optical  axis  of  the  telescope  at  all  distances; 

2.  The  line  of  collimation  would  coincide  with  the  optical 
IS,  and 

3.  It  would  be  parallel  with  :hc  telescope-level,  and 

4.  It  would  paf^s  through    and   be   perpendicular  to  the 
horizontal  axis  of  revolution. 

These  salient   facts  should  be  ascertained  to  assure   the 
perfect  adjustment  of  the  transit. 
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The  first  adjustmepti  is  that  of  the  Ict^ei-ffubifles.  After 
setting  up  the  instrument  make  the  two  small  levels  each 
parallel  to  a  line  joining  two  opposite  leveling-screws;  then, 
by  turning  the  leveling-screws  so  that  both  thumbs  move 
inwards  or  outwards,  bring  the  bubbles  to  the  center  of  the 
tubes. 

Torn  the  instrument  I  So  degrees  in  azimuth,  and  if  the 
bubbles  stili  remain  centered,  the  levels  are  in  adjustment* 
If  they  do  not  remain  in  the  centers  of  their  tubes,  bring 
them  back  half-way  by  means  of  the  lcveling*screws»  and  the 
remaining  half-way  by  means  of  the  adjusting-screws  at  the 
end  of  each  leveling-tube*  Repeat  the  operation  several 
times,  until  the  bubbles  remain  in  the  centers  of  their  tubes 
when  the  instrument  is  revolved. 

Ta  make  the  vertical  crass-hair  perpendicular  to  th^  plane 
of  the  horizontal  axis ^  focus  the  cross-hairs  by  the  apparatus 
at  the  eye  end  of  the  telescope ;  then  adjust  the  objective  upon 
some  well-defined  object  at  a  distance  of  a  few  hundred  feet. 
Move  the  horizontal  limb  so  as  to  bring  the  vertical  wire 
against  the  edge  of  a  building  or  of  a  plumb-line  or  other 
vertical  object.  Clamp  the  instrument  and  note  if  the 
vertical  wire  is  everywhere  parallel  to  the  vertical  line.  If 
not,  loosen  the  cross-wire  capstan-screws  and,  by  lightly 
tapping  their  heads,  move  the  cross-wire  ring  around  until  the 
error  is  corrected, 

To  adjust  the  line  of  coilimation,  which  brings  the  inter- 
section of  the  wires  into  the  optical  axis  of  the  telescope, 
point  the  instrument  at  some  well-defined  object  at  a  distance 
of  several  hundred  feet  and,  having  made  the  previous  adjust* 
mcnts,  clamp  the  lower  horizontal  motion  and  revolve  the 
telescope  completely  over,  so  as  to  point  in  the  other  direc* 
tion.  Place  there  some  well-defined  object,  as  a  tack  in  the 
end  of  a  stake,  and  at  practically  the  same  distance  from  the 
instrument  as  the   first  object  selected,     Unclamp  the  upper 
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plate  and  turn  the  instrument  half-way  round  or  through 
I  So  degrees,  as  indicated  by  the  vernier,  and  direct  the  tele- 
scope to  the  first  object  sighted,  B  (Fig.  66).  Again  bisect 
this  with  the  wires,  clamp  the  instrument,  and  revolve  the 


Fig.  66. — Collimation  Adjustment. 

telescope  over  and  observe  if  the  vertical  wire  bisects  the 
second  object,  C,  when  the  telescope  is  now  pointed  at  it 
from  the  reverse  position.  If  it  does,  the  line  of  collimation 
15  in  adjustment.  If  not,  the  second  point  observed,  as  -£, 
will  be  double  the  deviation  of  that  point  from  the  true 
straight  line,  as  the  error  is  the  result  of  two  observations 
made  when  the  wires  were  not  in  the  optical  axis  of  the  tele- 
scope. In  the  last  pointing  of  the  instrument,  after  the 
telescope  was  directed  the  second  time  to  J?,  the  point 
bisected  at  /f  was  situated  as  far  to  one  side  of  the  true 
straight  line,  BAC,  as  was  the  point  first  sighted,  D,  on  the 
other  side.  To  correct  the  error,  use  the  capstan-head  screws 
on  the  side  of  the  telescope  and  move  the  vertical  wire  to  one 
side  or  the  other  by  one-fourth  the  distance,  keeping  in  mind 
the  fact  that  the  eyepiece  inverts  the  position  of  the  wires,  and 
that  in  moving  these  screws  the  observer  must  operate  them  as 
if  to  increase  the  error  noted.  Unclamping  the  instrument  and 
swinging  it  around  so  as  once  more  to  bisect  B,  again  revolve 
the  telescope,  and  if  the  adjustment  has  been  correctly  made 
the  wires  will  now  bisect  the  central  point,  C.  Test  the 
adjustment  by  revolving  the  instrument  half-way  round  again, 
fixing  the  telescope  on  By  clamping  the  spindle,  and  once 
more  revolving  the  telescope  on  C,  and  repeat  the  observa- 
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tions  and  adjustment  of  the  wires  until  the  correction  of  the 
GoHiination  ts  completed. 

The  adjust nunt  of  the  standards  is  the  next  and  last  im- 
portant adjustment  of  the  transit,  and  this  is  made  in  order 
that  the  point  of  intersection  of  the  wires  shall  trace  a  vertical 
line  as  the  telescope  is  moved  up  and  down.  This  result  is  only 
obtained  when  the  two  standards  which  support  the  axis  of  the 
telescope  are  at  the  same  height.  Point  the  telescope  to  some 
object  which  will  give  a  long  vertical  range^  as  at  a  star  and 
its  reflection  in  a  bath  of  mercury,  or  the  top  of  a  tall  church 
spire  and  the  center  of  its  base,  or  a  long  plumb-line.  Fix 
the  wires  on  the  top  of  the  object  and  clamp  the  spindle, 
then  bring  the  telescope  down  until  the  wires  bisect  some 
good»  well-defined  point  at  the  base.  Turn  the  instrument 
half-way  round  or  through  iSo  degrees,  revolve  the  telescope, 
and  focus  the  wires  in  the  lower  point.  Clamp  the  spindle 
and  raise  the  telescope  again  to  the  highest  point*  If  the 
cross-hairs  again  bisect  it,  the  adjustment  is  perfect;  if  they 
pass  to  one  side,  the  standard  opposite  to  that  side  is 
highest^  the  apparent  error  being  double.  This  is  corrected 
by  turning  a  screw  underneath  one  of  the  axes  which  is  made 
movable,  the  correction  being  made  for  half  of  the  amount 
of  the  apparent  error. 

87.  Traversing  with  Transit — A  traverse  line  executed 
with  the  transit  ditTers  from  one  executed  with  the  plane- 
table  or  the  theodolite  because  of  the  ability  to  transit  tht 
telescope  or  revolve  it  through  180  degrees  vertically.  As  a 
result  of  this  construction  of  the  instrument  the  angle 
between  backsight  and  foresight  which  is  read  and  recorded 
is  not  the  full  horizontal  angle  observed  by  swinging  the 
instrument  in  azimuth,  but  it  is  the  deflection  of  the  new 
direction,  or  of  the  foresight,  to  the  right  or  left  of  the  back- 
sight prolonged. 

Having  set  up  the  instrument  at  A  (Fig*  67),  direct  the 
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telescope  at  the  first  point  in  the  traverse  B,  with  the  grad 
uated   circle  set   at  zero   and    by    using  the  lower  motion 


Fig.  67. — Traversing  with  Transit. 

Record  the  angle  zero  and  the  distance  AB  measured  by- 
chain,  stadia,  or  other  method.  Move  to  B,  and  setting  up 
and  plumbing  the  instrument  at  that  point,  backsight  on  the 
point  A,  using  the  lower  motion  and  with  the  circle  still  at 
zero.  Clamp  the  lower  motion  and  transit  the  telescope. 
The  instrument  will  now  point  in  the  direction  of  A\  which 
is  the  prolongation  of  AB  if  the  collimation  be  in  perfect 
aidjustment.  Loosen  the  upper  clamp  and  point  at  the  new 
foresight  C,  and  then  reclamp  the  vernier.  The  angle  a 
is  the  deflection  from  the  straight  line  A  A'  to  the  right 
towards  C.  In  like  manner  the  instrument  is  moved  to  C,  and 
the  line  BC  prolonged  to  B'  by  transiting  the  telescope,  and 
the  angle  A  from  B^  to  Z>,  is  recorded  as  a  left  deflection. 

EXAMPLE  OF  TRANSIT  NOTES. 


Su. 

Distance. 

Deflections. 

78+80 

71+  15 

59+35 

55 

Feel. 
765 

II80 
435 

-    18*42' 

-f  27*  06' 
+    6*27' 

True        I 
Bearins^. 
(Azimutn  )    I 


Mag.  Bearing. 


187*  oc/  :    N.    4*  30'  E. 


205°  51' 
178*  45' 
172*  18' 


Remarks. 


N.  22*  30'  E. 
N.     5*  00'  W. 

N.  !©•  30'  W. 


Road  crossing. 
House. 

Stream  to  ri^rht. 
House. 


The  notes  of  such  a  transit  traverse  are  kept  in  the  follow- 
ing manner:  In  the  first  or  '*  Station  '*  column   is  recorded 
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the  total  distance  in  hundredths  plus  single  feet  from  the 
initial  point.  In  the  second  or  *' Distance"  column  is 
recorded  the  distance  between  two  stations  A  and  B,  In  the 
third  column  is  recorded  the  deflection  angle  with  plus  or 
minus  signs^  according  as  the  deflection  is  to  right  or  left. 
In  running  a  simple  traverse  nothing  further  is  requisite  than 
the  above.  If,  however,  as  is  likely  to  be  the  case  in  topo> 
graphic  surveying,  it  is  desired  to  know  also  the  bearing  of 
the  line,  the  true  azimuth  of  some  sight,  preferably  the  first 
line,  should  be  determined  by  obser\^atIon  on  Polaris  (Art. 
312),  and  the  magnetic  declination  (Art.  92)  should  be  noted, 
as  well  as  the  true  or  transit  declination,  by  reading  the  angle 
between  the  azimuth  line  and  the  first  line  of  the  traverse. 
This  angle  should  be  recorded  in  the  fourth  column,  **  True 
Bearing/*  Then,  as  the  traverse  is  run,  the  deflection  right 
or  left  should  be  added  to  or  subtracted  from  the  last  true 
bearing  and  thus  give  the  new  true  bearing.  Fur  a  check 
the  compass-needle  should  also  be  read  and  recorded  in  the 
column  **  Magnetic  Bearing,'*  and  the  true  bearing  should 
agree  with  this  approximately  by  the  difference  of  the 
declination  observed*  There  should  be  a  last  column  in 
which  to  record  remarks  of  streams  passed,  road  junctions, 
etc. 

On  the  opposite  page  of  the  note-book,  facing  the  notes, 
there  should  be  ruled  a  vertical  line  through  the  center  of  the 
page,  and  the  customary  process  of  recording  the  objects 
encountered  on  the  traverse  line  is  to  use  this  vertical  line  as 
the  line  of  the  traverse.  Beginning  at  the  bottom  of  the  page, 
plat  the  first  station,  A  ;  then,  at  the  proper  distance  above 
A,  plat,  still  on  the  center  of  the  line  and  disregarding  the 
deflections,  the  second  station,  B.  Crossing  this  line  of  the 
traverse,  note  the  topographic  features,  as  streams,  roads, 
houses,  etc.  Where  topographic  notes  are  taken  in  detail 
it  is  practically  impossible  to  keep  a  proper  record  of  the 
traverse  by  considering  it  as  a  straight  line;  in  which  case. 
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instead  of  using  a  central  line  as  the  traverse  line,  an  irregular 
line  should  be  drawn  up  the  page,  each  tangent  or  deflection 
line  of  the  traverse  making  an  angle  with 
the  last,  which  shall  agree  as  nearly  as 
possible,  by  eye  estimation  or  by  platting 
with  horn  protractor,  with  the  angle 
made  on  the  ground.  By  this  means 
the  topography  of  the  country  will  not 
be  distorted  in  recording  it  on  the  sketch 
page  (Fig.  68). 

88.  Platting  Transit  Notes  with 
Protractor  and  Scale.— Transit  notes 
may  be  platted  in  two  ways : 

1.  By    means    of    a    protractor   and 
scale,  and 

2.  By  latitudes  and  departures  (Art. 
90). 

In  platting  with  a  protractor  (Art. 
89)  and  scale,  set  the  center  of  the  pro- 
tractor over  the  occupied  station  as 
platted  on  the  map,  set  the  zero  on  the  prolongation  of  the 
last  sight,  and  plat  off  the  deflection  to  right  or  left  by  the 
proper  number  of  degrees.  Then,  removing  the  protractor, 
plat  on  this  new  deflection  line  the  proper  distance  to  scale. 
This  deflection  line  should  be  drawn  sufficiently  long,  so  that 
when  the  protractor  is  centered  over  the  second  station  this 
old  deflection  line  will  appear  on  the  map  as  the  zero-point 
on  which  to  set  the  protractor  for  the  next  following  deflection. 
89.  Protractors. — In  the  platting  of  traverses  run  with  a 
prismatic  compass,  the  simplest  form  of  a  semicircular  horn 
protractor  will  fill  the  requirements;  also  in  platting  recon- 
naissance triangulation  in  order  to  determine  the  relative 
positions  of  stations.  Where  any  attempt  is  made  at  accu- 
rate platting,  as  of  traverse  run  with  transit,  a  full-circle 
vernier   arm   protractor  should    be    used  (Fig.   69).      Where 


Fig.  68.  —  Plat  of 
Transit  Road  Tra- 
verse. 
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angle-reading  instruments  are  used  in  topographic  survcyinj 
it  is  expected  that  the  work  done  will  be  of  such  high  qualit 


PlO,  69. — FULL*C1RCLE  VkRNIER    ProTRACTOE* 

as  to  call  for  computation  either  of  latitudes  and  departure 
in  the  case  of  traverse,  or  of  geodetic  coordinates,  in  primarjT 
triangulation  (Chaps.  XXIV  and  XXIX). 

Occasionally  the  topographer,  especially  if  engaged  in 
hydrographic  surveying,  will  need  to  locate  his  position  by 
the  tlirec-pnint  problem  (Art.  74)^  that  is,  by  angles  read 
from  an  unknown  to  three  known  positions.     The  location  of 


Fig,  70. — Thrrk-arm  Protractor. 

his  unknown  and  occupied   point   may  be  computed  (Art. 
263),  or  it  may  be  platted  graphically  by  means  of  an  instru* 
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ment  known  as   the  three-armed  protractor,  which  is  very 
useful  and  does  excellent  work  of  this  kind.     (Fig.  70.) 

90.  Platting  Transit  Notes  by  Latitudes  and  Depart- 
ures. — ^This  is  the  most  accurate  method  of  platting  transit 
notes,  and  is  identical  with  that  employed  in  platting  traverse 
run  with  theodolite  for  primary  control  (Chap.  XXIV).  The 
more  common  expression  **  departures*'  refers  to  easting 
and  westing,  known  in  astronomical  phraseology  as  **  longi- 
tude." The  computing  and  platting  are  not  done  with  the 
same  care  and  accuracy  as  for  primary  traverse.  The  con- 
vergence of  the  meridians  is  rarely  recorded,  nor  are  the  errors 
of  measurement  of  deflection  angles  corrected  by  astronomical 
azimuths  or  by  checks  on  known  geodetic  positions. 

The  process  consists  in  plaitiiig  by  rectangular  coordinates 
to  reference  lines  which  are  drawn  at  right  angles  and  cor- 
respond approximately  to  latitude  and  longitude  lines.  The 
horizontal  line  is  assumed  as  the  initial  latitude,  and  is  the 
zero  from  which  differences  of  latitude  are  measured  up  and 
down.  In  other  words,  it  is  the  line  of  abscissae,  and  along  it 
are  measured  off.  the  differences  of  longitude  or  departure 
from  the  vertical  line,  which  is  zero  of  longitudes.  All  north- 
ings on  the  traverse  line  are  measured  upwards  and  all  south- 
ings downwards,  and  they  are  denoted  by  the  signs  -f-  and  — . 
Eastings  and  westings,  respectively,  are  measured  to  the  right 
or  left  of  the  vertical  line  or  initial  longitude  line,  and  are 
denoted  also  by  signs  +  ^^^  —  • 

The  zero  of  azimuth  is,  as  in  geodetic  computation 
(Art.  285),  supposed  to  be  at  the  south,  while  the  north 
is  180®.  The  azimuth  is  measured  in  the  same  direction 
as  the  motion  of  the  hands  of  a  watch,  90°  being  to  the 
west  and  270*^  to  the  east.  A  simple  manner  of  keeping 
signs  in  mind  during  computation  is  from  inspection  of  a 
diagram  similar  to  Fig.  71. 

The  total  latitudes  and  departures  are  computed  only  for 
important  points,  as  crossings  of  roads,  streams,  etc.       The 
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intermediate  bends  in  the  road  traverse  may  be  platted  by 
protractor.  The  total  latitudes  and  departures  are  deter- 
mined for  each  governing  point  by  summation  of  the  partial 
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Fig.  71 »— Signs  of  Latituuks  and  DEPARrrREs. 
latitudes  and  departures  to  tliat  point.  They  are  derived  by 
two  methods,  (i)  By  adding  to  the  logarithms  of  the  distances- 
(Table  V)  the  logarithms  of  the  sines  of  the  azimuths  (Tabic 
VI).  The  total  departures  are  obtained  by  adding  to  the 
logarithms  of  the  same  distances  the  logarithms  of  the  cosines  of 
the  corresponding  azimuths.  The  second  method  of  compute 
ing  latitudes  and  departures  is  by  means  of  a  tabic  of  natural 
functions  (Tables  XI  and  XII). 

COMPUTATION  OF   LATITUDES  AND  DEPARTURES. 


To  Sutloa 
59 +- 

To  StAtion 

To  Station 
784. 

Log,  sin.  (Dep,)*. 

*  dist 

9.55i;>o 
2.6385 

9.6394 
3-0719 

9  0950 

2.8837 

"     dCD.  ..•...*. 

2.1975 
157  5 

3.7II3 
514-3 

I-97S7    , 
9  52 

Departure  (feel).. 

Log.  cosin  (I^U). 
"    dist 

9.9694 
2.6385 

9-9543 

2.07T9 

9.9966 

2.8837    ! 

**    dep 

Departure  (feet).. 

2.6079 
405.4 

2.0262 

106.3 

2.8803    , 
759-^ 
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Table  V. 

LOGARITHMS   OF   NUMBERS. 
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Tablf  v. 

LOGARITHMS   OF    NUMBERS. 
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Table  VI. 

l-OGARITHMS   OF   TRIGONOMETRIC    FUNCTIONS, 
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The  details  of  the  computation  are  given   m    extenso   in 
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Chapter  XXIV,    for  primary   traverse.       The    foregoing   ex-           ^^^H 

^ple  is  given  here,  however,  as  an  illustration  of  the  simpler          ^^^H 

mode  of  computing    latitudes    and    departures   from    transit          ^^^| 

notes,  and   is  taken   from  the  example  of  such  notes  given  in           ^^^| 

Article  S/.                                                                                                     ^^H 

Hi'he  table  of  four-place  logarithms  of  numbers  on  pages                 ^H 
15  and  214  is  derived   from   Prof   J,  B.  Johnson's  *' Theory          ^^^| 

ltd   Practice   of  Surveying'*;   that   of  similar  trigonometric          ^^^H 

inctions  on  pages  215   to  21918  from  Gauss    wclUknown          ^^^| 

^es.     By  their   use  a  traverse   run  with   engineer's  transit          ^^^H 

in  be  computed   by  latitudes  and  departures  with  sufficient          ^^^| 

|W^acy,                                                                                                      ^B 
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91,  Prismatic  Compass. — This  is  a  useful  instmment  f^ 
determining  directions  on  reconnaissance  tra%'erses  of  roa^/j 
streams,  etc.  It  is  unnecessary  to  mount  it  on  a  J^obJ 
staff  or  tripod >  as  it  is  easily  read  while  held  in  the  hand._ 
has  a  full  circle  of  560  d^rees  (Fig.  72)  and  folded 


FtG.  7S.— PAtSMATlC  COMFASS. 

The  foresight  has  a  cross-hair,  and  the  rear-  or  eye-sight  is  si 
provided  with  a  prism  that  while  the  instrument  is  point^ 
in  the  direction  of  the  sight  the  graduation  on  the  cixCi 
may  be  read.  ' 

In  running  a  traverse  with  piismatic  compass*  distance 
are  determined  by  pacing,  timing  an  animal  or  a  boat  (Art- 
95  and  96),  or  by  other  exploratory  method,  and  tt 
record  of  the  distance  and  of  the  angle  read  for  the  co\iTi 
run  are  entered  on  the  same  line  in  the  note-book.  The4 
quantities  can  be  platted  with  scale  and  protractor^  and  giH 
a  fair  plan  of  the  route  traveled, 

92.  Magnetic  Declination. — The  compass*needle  poinj 
to  two  magnetic  poles,  which  coincide  with  the  true  nori 


MAGNETIC  DECLINATION 


|ind  south  in  but  few  places  on  the  surface  of  the  earth.  The 
\tigk  made  with  the  true  meridian  by  the  magnetic  meridian 
It  any  point  is  called  the  magnetic  dechnation.  Declination 
IS  subject  in  all  places  to  changes  which  are  diurnal,  secular* 
annual,  and  lunar.  The  two  latter  are  very  small  and  may 
be  neglected. 

The  diurftai  varuitum  is  scarcely  perceptible  in  any 
rdinarj^  survey,  being  zero  between  loand  ii  in  the  morning 
id  at  about  8  P.M.  It  is  greatest,  that  is,  the  north  end  is 
hcst  east  at  about  8  in  the  morning,  and  farthest  west  at 
1  \y>  in  the  afternoon.  The  limits  of  this  diurnal 
iation  are  from  five  to  fifteen  minutes.  The  setnlar 
wktion  IS  quite  important;  it  is  fairly  periodic  in  character 
ikes  from  250  to  400  years  to  make  a  complete  cycle* 
hnaiton  may  be  determined  at  any  time  by  an  obser- 
vatioa  on  Polaris  to  ascertain  the  true  north  and  its  compari- 
son with  the  magnetic  north  (Chap.  XXXIII), 

93,  Secular  Vaxiation  and  Annual  Change. — Owing  to 

secular  variation  the  declination  determined  at  any  date,  say 

when    some    old    survey    was    executed,    has    varied    since. 

Therefore,    com  pass- readings    recorded    on    any    date    for   a 

panicuiar  line  will    not   agree  with   those   observed    for  the 

umc  line  or  direction  at  another  time.      It  is,  accordingly, 

difficult  to  rerun  old  compass  lines,  and  this  can  only  be  done 

*^th  any  degree  of  approximation  by  knowing  the  declination 

0/  the  place  for  the  date  of  the  survey  and  reducing  it  to 

the  present  time.     Numerous  observations  have  been  made 

l»y  the  various  individual  and  government  surveys,  and  from 

them  there  have  been  prepared  diagrams  and  tables  which 

^id   in   the  determination  of  the   declination  at  any  known 

*ujic,     A  line  drawn  on  a  map  connecting  points  having  the 

5ixne  magnetic  declination  is  called  an  isogonk  lint\  and  the 

"He  joining  points  of  no  declination  is  called  an  agonic  iuUn 

Flate  rV,  prepared   from   charts   in  the  U.   S.  Coast  and 
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Geodetic  Survey  Report  of  1905,  shows  the  Isogonic  anci 
agonic  lines  in  the  United  States  for  the  epoch  of  Januarys 
1905.  The  isogenic  curves,  which  are  lines  of  equal  magnetic 
declination — that  is,  compass  variation  from  true  meridian,—^ 
arc  shown  for  each  degree.  The  plus  sign  indicates  west,^ 
and  the  minus  sign  east  declination. 

On  the  same  plate  are  indicated  in  figures  the  amount  of'' 
annual  change  of  magnetic  declination  for  the  period  rgoj- 
1910.  This  change,  or  secular  variatian,  indicates  that  the 
isogonic  lines,  as  shown  on  the  plate,  are  all  moving  west- 
ward, but  not  at  the  same  rate ;  the  movement  being  such 
that  all  western  declinations  are  increasing  and  all  eastern  de- 
clinations are  decreasing.  Thus»  to  find  the  isogonic  line  for 
any  year  subsequent  to  1905,  the  annual  change  which  is  indi- 
cated in  minutes  is  to  be  applied,  the  plus  sign  signifying 
increasing  west  or  decreasing  east  declination,  and  the  minus 
sign  the  reverse. 

94,  Local  Attraction. — In  running  any  survey,  be  it 
traverse  or  otherwise,  by  means  of  the  compass- needle,  the 
indications  of  the  latter  are  apt  to  be  misleading  as  a  result 
of  local  magnetic  attraction.  This  is  due  to  the  needle  being 
drawn  from  its  mean  position  by  the  attraction  of  masses  of 
magnetic  iron-ore  or  of  iron.  If  the  compass  ts  set  up  along- 
side of  the  tracks  of  a  railroad  or  near  the  wheels  of  an  iron- 
tired  conveyance,  it  may  be  attracted  from  its  normal  posi- 
tion* It  not  uncommonly  occurs  that  a  closed  traverse  circuit 
run  with  a  compass-needle  will  fail  to  check  by  a  large  error 
due  to  some  such  cause. 

Much  reliance  cannot,  therefore,  be  placed  on  compass 
traverses;  and  when  there  appears  to  be  local  attraction  as 
shown  by  inaccurate  closures  of  the  tines  run,  the  same  must 
be  allowed  for  in  any  subsequent  work  in  the  same  locality. 
This  is  done  by  occupying  every  point  or  station  in  the  tra* 
verse,  or  by  reading  backsights  or  bearings  as  well  as  fore- 
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ghtfy.  It  may  be  that  local  attraction  will  be  so  great  in 
nount  as  to  render  it  impossible  to  use  the  compass  at  alL 
uring  the  running  of  any  traverse  with  a  compass,  it  is  well 
I  take  the  precaution  of  setting  up  and  observing  backsights 
id  foresights  on  occasional  lines,  to  determine  whether  local 
traction  exists. 


.?v. 


CHAPTER   XI 
LINEAR  MEASUREMENT  OF  DISTANCES. 

95.  Methods  of  Measuring  Distances;  Pacing. — ^Thc^ 

most  difficult  element  in  running  rough  traverse  or  route  sur-  - 
veys  is  the  determination  of  distances.     For  directions  either  ' 
a  cavalry  sketch-board,  a  traverse  plane-table  with   tripod, 
or  a  prismatic  compass  (Arts.  64,  61,  and  91)  may  be  em- 
ployed, while  heights  may  be  determined  with  the  aneroid 
or  by  vertical  angulation  (Arts.  160  and  174). 

For  the  rough  determination   of  distance,  four  methods  * 
may  be  employed,  viz. : 

1.  Measurement  by  odometer; 

2.  By  counting  the  paces  of  a  man  or  animal; 

3.  By  use  of  the  range-finder;  or 

4.  By  time  estimates. 

Where  distances  are  to  be  measured  with  greater  accuracy  ' 
some  of  the  following  methods  may  be  used,  viz. : 

1.  Tachymetric  processes; 

2.  Chains  or  steel  tape;  or 

3.  Trigonometric  processes. 

Where  walking  is  necessary  in  order  to  get  over  the 
ground,  very  satisfactory  and  economic  measures  of  distance 
can  be  had  by  pacing.  With  a  little  practice  a  degree  of 
accuracy  may  be  attained  quite  equal  to  that  had  in  the 
direction  and  elevation  measurements  with  the  crude  instru- 
ments employed  in  reconnaissance  work.  It  is  desirable  in 
/^di'tNt;-  to  adopt  a  stride  shorter  than  the  natural  one;  thus  a 
man   whose   natural   step    in  walking   comfortably   on    level 
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id  IS  a  yard  long  should  adopt  in  pacing  a  stride  of  ^2 
L;  and  a  man  whose  natural  stride  is  30  inches  should 
\  a  28-inch  pace.  The  best  way  to  ascertain  the  length 
fide  is  to  measure  off  a  distance  of,  say,  200  feet  and 
this  several  times,  finding  how  many  paces  are  required 
^ftre  the  distance.  If  70  strides  are  taken  in  this  dis- 
I^Sr  instance,  the  pacer  should  adopt  a  stride  which 
^ble  him  to  make  the  distance  in  So  steps,  and  should 
^pit  with  sufficient  frequency  to  enable  him  to  make 
mnnce  in  80  steps  every  time.  Such  a  stride  is  practi- 
the  normal  one  and  is  easy  of  calculation,  since  40  paces 

Kino  feet,  20  paces  50  feet,  etc.      Hence  the  number  of 
Itjplied  by  2^  gives  the  distance  in  feet.     With  such 
ed  stride  the  pacer  can  lengthen  out  a  little  when 
up-htil,  and  shorten  his  stride  in   going  down-liill,  and 
erefore  should  practice  pacing  not  only  on  level  ground 
^  inclined  ground,  to  determine  how  to  alter  his  stride. 
D  further  simplify  pacing  only  every  other  step  should 

ited,  as  those  of  the  left  or  right  foot.  In  the 
\  case  20  double  strides  or  the  steps  of  one  foot  will 
Id  feet.  Finally,  as  the  length  of  this  double  stride 
K  there  will  be  nearly  1000  such  steps  to  one  mile; 
cning  the  stride  by  practice  to  5.3  feet*  a  thousand 
will  almost  exactly  equal  one  mile  of  5280  feet, 
o  such  strides  will  measure  one-tenth  mile,  etc. 
Itilcnt  results  have  been  obtained  in  rough  geographic 
py  using  instrumental  measurements  over  portions  of 
ntr\%  and  running  checked  cross-lines  between  by 
P*  Numbers  of  such  lines  which  the  writer  has  had  run 
plotted  checked  out  in  distances  of  10  or  15  miles 
ten  fixed  points  within  f  or  ^^  of  a  mile,  equivalent  on  a 
llilc  scale  to  ^^  or  ^^  of  an  inch*  Such  results  have  not 
[>ccn  obtained  once,  but  day  after  day  for  years,  and  by 
bnt  men,  in  the  course  of  rough  surveys  over  rugged 
lins  and  deep  gorges,  through  brush  and  fallen  timber. 
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f        Where  it  is  possible  to  ride,  fairly  accurate  results  cam 
had    by  counting   the  paces  of  a  saddle-animaL     In    deK:^ 
mining  the  pace  methods  somewhat  similar  to  those  usctS 
determining  human  pacing  should  be  employed,  though 
course   no  attempt  can    be   made   to   shorten   or  create     ^ 
artificial  pace  for  the  animal.      Distances  should  be  measiir'O 
not  oidy  on  level  country  but  on  hilly  land,  and  these  shou/- 
be  between  a  thousand  feet  and  a  quarter  of  a  mile  in  length 
and  over  these  stretches  the  animnl  should  be  paced  both  al 
a  walk  and  at  a  trot,  until  a  fair  average  has  been  ascertained 
of  the  number  of  steps  at  each  gait  in  traveling  the  distance, 
when  the  length  of  stride  can  be  determined.     It  is  a  remark- 
able fact  that  the  same  animal  exhibits  great  uniformity  in 
the  length   of    its  stride   under  similar  conditions.      This  is 
especially   true   of   mules,    which    are   the    most   satisfactor\' 
animals  for  use  in  pacing,  as  they  are  siowcr^  steadier,  and 
more  uniform  in  their  stride  than  horses.      The  writer  has  run 
many  miles  of  traverse  in  the  rough  regions  of  the  West  and 
tinder  varying  topographic  conditJonSt   where  the   distances 
were  measured  by  the  pacing  of  an  animal  and  checked  in  at 
either  end  by  fixed  locations,  and  the  results  were  frequently 
as  accurate  as  those  obtained  by  average  human  pacing:   this 
not  only  at  a  walk,  but  at  a  mixed  gait,  generally  a  moderaic 
trot.      In  stjch  manner  as  many  as  30  to  35   miles  of  cross* 
country  traverse  have  been  run  in  a  day^  which  were  plotted 
on  a  geographic  map  on  a  scale  of  four  miles  to  an  inch  with 
very  satisfactory  closure  checks.      In  pacing  with  animals  the 
stride  of  one  fore  foot  only  should  be  counted, 

96*  Distances  by  Time, — Time  estimates  may  be  em- 
ployed where  uniform  pacing  is  impracticable.  With  little 
practice  the  horseman  learns  the  rate  of  his  anitnal,  that  is» 
the  number  of  miles  per  hour  which  it  traverses  at  ditTcrent 
gaits,  and  in  rough  reconnaissances  and  exploratory  work  he 
is  thus  enabled  to  estimate  with  fair  accuracy  the  distance 
he  has  traveled,  by  noting  the  time  consumed  in  passing  from 
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one  point  to  another,  providing  he  pays  close  attention  to 
the  gaits  of  his  animal  and  notes  the  time  consumed  with 
each  different  gait. 

In  floating  down  a  river  a  fairly  satisfactory  measure  of 
the  distance  traveled  can  be  obtained  with  currents  of  various 
velocities  by  timing  floats  over  a  measured  distance  in 
stretches  of  comparatively  slow  velocity,  up  to  those  in  which 
the  speediest  rapids  are  encountered.  The  explorer  may 
thus  float  down  the  stream,  using  a  sketch-board  or  prismatic 
compass  for  direction,  and  by  timing  the  boat  from  one 
course  to  another  a  fairly  good  survey  may  be  made  of  the 
route  traveled.  Similar  methods  may  be  employed  in  ascer- 
taining the  time  necessary  to  row  or  paddle  a  boat  in  still 
water  or  against  streams  of  varying  velocities,  and  by  en- 
deavoring to  maintain  a  uniform  rate  in  rowing  or  paddling 
it  is  possible  by  timing  the  courses  to  get  a  fair  estimate  of 
the  distances. 

In  platting  paced  and  timed  surveys  it  will  be  found  desir- 
*ible  to  arrange  a  scale  of  pacing  or  timing.  Thus,  instead 
of  transposing  the  number  of  paces  into  distance  paced,  a 
scale  should  be  prepared  on  which  should  be  graduated  paces 
instead  of  distances  (Fig.  55).  For  example,  for  a  man  who 
paces  a  yard  at  each  stride,  if  the  scale  of  plotting  is  to  be  one 
mile  to  the  inch,  there  will  be  10  paces  to  every  ^  of  an  inch, 
and  100  paces  to  every  —  of  an  inch,  so  that  by  dividing 
an  inch  into  17.6  parts  it  will  be  equal  to  100  paces,  and 
lesser  fractions  can  be  interpolated.  In  the  same  manner,  if 
a  horse  strides  with  the  same  foot  a  distance  of  6  feet  at  each 
step,  the  inch  may  be  divided  into  88  parts,  and  each  one  of 
these  will  be  equivalent  to  10  strides.  In  similar  manner  a 
scale  of  time  may  be  prepared,  or,  better  still,  in  each  case 
several  scales  for  different  strides  or  for  different  times. 
Thus,  for  a  scale  of  one  mile  to  one  inch,  15  minutes*  travel 
at  the  rate  of  3  miles  an  hour  will  be  represented  by  f  of  an 
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inch,  and  the  same  time  at  the  rate  of  4  miles  an  hour  will 
be  represented  by  one  inch. 

97*  Measuring  Distances  with  Linen  Tape. — Various 
methods  have  been  adopted  for  measuring  distances  on 
secondary  and  tertiary  traverses  in  dense  woods  where  the 
underbrush  is  so  thick  as  to  preclude  the  use  of  the  stadia, 
and  where  the  work  required  is  such  as  to  render  unnecessary 
the  accuracy  attained  by  the  use  of  steel  tape  or  chain  with 
two  chainmen  (Art.  99).  Under  such  conditions  two  plans 
have  generally  been  adopted:  one.  running  of  traverse  lines 
by  the  topographer,  directions  being  obtained  by  prismatic 
compass  or  plane-table  (Arts.  91  and  61),  and  distances  by 
the  aid  of  an  assistant  who  drags  a  chain;  the  other,  by 
directions  in  the  same  manner,  but  distances  by  pacing  (Art^ 
9S).  As  the  topographer  can  see  but  a  few  yards  ahead  of 
him,  he  rarely  sights  to  a  fixed  object,  but  on  small-scale 
work  finds  it  sufficient  to  sight  in  the  direction  in  which  the 
assistant  has  preceded  him,  dragging  the  chain. 

A  more  satisfactory  and  far  more  accurate  mode  of 
measurement  under  such  circumstances  has  been  found  to 
consist  in  measuring  distances  with  a  long  linen  tape.  This 
is  made  of  tailor's  linen  binding-tape  obtained  at  dry-goods 
stores  ill  spools  of  five  hundred  to  one  thousand  feet  in 
length,  the  best  for  this  purpose  being  so  finely  woven  and 
so  smooth  that  it  slips  through  the  brush  without  catching, 
and  is  dragged  ahead  by  one  tapeman,  the  alignment  of  the 
tape  giving  the  direction  which  the  topographer  is  to  sight 
for  his  azimuth.  It  is  improved  by  immersion  in  boiling 
paraffin.  The  peculiarity  of  this  apparatus  consists  in  the 
fact  that  ordinarily  the  end  of  the  tape  will  catch  in  brush 
and  around  trees,  and  tear  and  fray.  To  prevent  this  a 
narrow  strip  of  celluloid,  of  the  same  dimensions  as  the  tape, 
is  sewed  on  its  extreme  end,  the  length  of  this  celluluid 
appendage  being  from  twelve  to  eighteen  inches,  and  this 
causes    it    to   slip    between    the    bushes    without    becoming 
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tangled  or  twisted.     With  such  device    numerous   traverses 
have  been  run  in  the  Adirondack  woods  and  plotted  on  a  scale 
of  i|  inches  to  a  mile,  with  average  closure  errors  of  ^  to 
jV  <nch  in  circuits  of  5  to  1 5  miles  periphery. 

98.  Odometer. — ^The  odometer  is  not  a  distance-measurer, 
but  a  rtiwlutien-connter^  consequently  a  function  of  such  dis- 
tance-measuring is  the  circumference  of  a  wheel,  the  number 
of  revolutions  of  which  are  counted.  This  wheel  may  be  one 
of  a  buggy  or  other  light  conversance,  preferably  a  front 
wheel,  in  order  that  the  odometer  which  is  attached  to  it  may 
be  clearly  in  view  at  all  times;  or  the  wheel  may  be  attached 
to  a  light  hand-barrow,  so  that  it  can  be  trundled  along  trails 
or  other  routes  over  which  two-  or  four-wheeled  conveyances 
could  not  be  driven. 

»~  Distance-measuring  by  means  of  rolling  a  wheel  f>ver  the 

surface  and  recording  with  the  odometer  the  number  of  times 
the  periphery  of  the  wheel  is  applied  to  the  surface  may  be 
done  under  the  most  favorable  circumstances  with  nearly  the 
accuracy  of  ordinary  chain  or  stadia  measuring.  Such 
^^curacy  is  not  as  great  as  that  by  the  latter  methods  where 
they  are  carefully  executed,  but  is  sufficient  for  all  purposes 
^^  distance-measuring  where  the  results  are  to  be  plotted 
on  a  geographic  map. 

The  errors  inherent  in  this  work  are  of  four  kinds: 
I.  Those  due  to  the  difficulty  of  reducing  measures  on  an 
''^^Itned  surface  to  horizontal; 

^,    Failure  of  the  odometer  or  counter  to  correctly  record 
**^    number  of  the  revolutions; 

3.   Slip    or   jolt    in    the    wheel,    due    chiefly  to    striking 
_*^ones,  roots,  and  other  obstacles;  and 

^,    Errors  resulting  from  failure   to   run   the  wheel   in   a 
^'s^ct  line  between  two  station  points. 

The  first  is  perhaps  the  most  serious,  and  as  yet  no  satis- 

^^t^ory  means  have  been  devised  whereby  an  instrument  will 

*^ord  the  changes  in  inclination  passed  over  by  an  odometer 
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wheel.  The  second  may  be  partially  guarded  against  only 
by  using  the  best  form  of  odometer  and  by  the  traverscman 
counting  the  revolutions  of  the  wheel  at  the  same  time  as  a 
check.  The  third  is  not  susceptible  to  correction,  and  errors 
due  to  this  cause  will  occur  unless  the  surface  of  the  road  be 
of  exceptional  quality.  The  errors  due  to  the  fourth  cause 
may  be  practically  eliminated  by  great  care  in  driving  or 
trundling  the  wheel  in  a  straight  line  where  the  road  surface 
will  permit.  These  and  like  errors  inherent  in  odometric 
surveys  may  be  so  greatly  reduced  by  careful  work  as  to 
render  them  of  small  moment  when  the  survey  is  to  be 
platted  on  a  geographic  map,  and  where  there  is  sufficient 


Fig.  73.— Douglas  Oi>OMrTER  Attaciibd  to  Whekl- 


control  by  triangulation,  stadia*  or  other  equally  good  meth^^ 
to  which  to  adjust  the  odometer  traverses  and  thus  elimins*''^ 
their  errors.     As  a  general  rule  the  errors  due  to  odomet:  ^ 
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measurement  for  this  class  of  work  arc  no  greater  than  those 
introduced  in  the  measurement  of  directions  and  due  to  the 
drfficuhy  of  plotting  short  road  tangents  to  a  small  scale. 

There  are  several  forms  of  odometer,  among  the  best  of 
which  is  the  Douglas  odometer^  so  named  after  its  inventor, 
Mr,  E.  M.  Douglas  of  the  U.  S*  Geological  Survey.  (Fig. 
I  73.)  This  is  firmly  fixed  to  the  axle  of  the  wheel,  and  a  cam 
'is welded  around  the  hub,  the  lift  of  the  cam  being  of  such 
height  that  as  it  strikes  the  lever  of  the  odometer  it  raises 
this  by  just  the  amount  sufficient  to  turn  the  cog*whcels 
^within  the  instrument  and  move  the  index  forward  one 
division  for  each  lift  of  the  cam,  corresponding  to  each  revo- 
lution of  the  wheel.  This  odometer  records  revolutions 
directly,  and  a  similar  result  may  be  obtained  by  the  use  of 
iic  ordinar)'  printing-press  counter,  which  may  be  suitably 
Igged  on  the  axle  of  the  wheel.  The  old  form  of  pendulum 
odometer  is  so  unreliable  as  to  be  of  practically  no  value  at 
all  for  purposed  of  surveying. 

Another  form  of  odometer  which  has  been  found  to  be 
very  satisfactory  and  accurate  is  the  bill  odometer  (Fig,  74). 


Fig.  74,— Bell  Odometer. 


The  record  of  this  is  in  miles,  tenths,  and  hundredths,  instead 
_p\  in  number  of  revolutions.     As  a  consequence  it  is  manu- 
actured  for  different  diameters  of  wheels.      Knowing,  there- 
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fbre,  the  diameter  of  the  wheeli  the  corresponding  odometer 
mast  be  ordered  from  the  maker,  and  the  record  may  be  in 

miles  or  some  scale  unit,  the  latter  being  obtained  by  the 
surveyor  making  a  false  dial  to  be  pasted  over  that  which  is 
furnished.  This  instrument  is  attached  to  the  axle  of  the 
wheel  and  records  by  a  small  lug  on  the  hub  striking  a  star- 
shaped  wheel  connected  with  an  endless  screw  within  the 
odometer. 

The  mode  of  counting  revolutions  of  a  wheel  most  satis- 
factor^'  to  expert  traversemen  is  by  lying  a  rag  to  one  of  the 
spokes  and  counting  the  rtvolutions  as  it  comes  in  view  each 
time.  The  traverseman  soon  becomes  so  expert  that  he  docs 
this  counting  without  any  apparent  effort^  and  he  intuitively 
catches  through  the  corner  of  his  eye  the  flash  of  the  white 
cloth.  Others  fasten  gangs  with  heavy  pendulum  clappers 
to  the  spokes  of  the  wheel,  so  that  each  time  the  wheel 
revolves  the  clapper  falls  and  strikes  the  bell.  Others  x\% 
gongs  to  the  axle  and  cause  them  to  be  struck  by  clappers 
attached  to  the  revolving  wheel  or  hub.  The  simplest 
counter  is.  however,  the  most  certain^  and  of  these  is  the  cloth 
tied  to  the  spoke  and  counted  mentally,  or.  best  of  alK  on  a 
hand-recorder  which  is  pressed  at  ench  flash  of  the  cloth  as  it 


Fig,  75,— Hand  Rkcorder, 

revolves,  the  recorder  registering  automatically  the  number 

of  revolutions.     (Fig.  75.)  H 

In  using  any  form  of  odometer  measurement  it  becomes 
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necessary  to  accurately  measure  the  outer  circumference  of 

the  wheel  and  then»  for  convenience  in  plotting,  to  arrange  a 
small  table  in  accordance  with  the  scale  of  the  map,  so  that 
the  number  of  revolutions  multiplied  into  the  circumference 
will  give  decimals  of  the  map  scale.  This  table  would  there- 
fore show  for  each  tenth  or  hundredth  of  a  mile  or  other 
unit  the  number  of  revolutions  corresponding  to  such  dis- 
tance.    (Table  VII.) 

99.  Chaining^ — ^The  chain  is  little  used  by  topographers 
excepting  in  dense  woods  and  where  the  odometer  cannot  be 
run  nor  the  stadia-rod  seen.  Chains  arc  made  of  two 
lengths.  The  surveyor's  or  Gunters  chain  is  66  feet  long 
and  consists  of  100  links,  each  7.92  inches  long.  It  is  only 
used  in  determining  the  areas  of  land  w^iere  the  acre  is  the 
unit  of  measure.  It  is  universally  used  in  all  of  the  United 
States  public- land  surveys.  In  all  deeds  of  conveyance  of 
property,  where  the  word  **  chain**  is  used  it  refers  to  the 
66* foot  chain. 

The  engineer  s  chain^  that  commonly  used  now,  consists  o( 
100  links  of  steel  wire^  each  connected  with  the  next  by  two 
or  three  rings.  Eacli  link  with  its  rings  is  one  foot  in  length, 
and  the  total  length  of  the  chain  is  100  feet.  At  intervals  of 
ten  links  brass  tags  are  brazed  on,  having  one  to  four  points 
to  indicate  distances  of  lo,  20,  30  feet,  etc.  The  chain  is 
provided  at  either  end  with  brass  handles  fastened  with  a 
swivel,  and  the  length  of  the  chain  includes  the  handles. 

The  chain  is  done  up  from  the  middle,  two  links  at  a  tim^^ 
being  drawn  into  the  hand.      In  measuring  with  the  chain  the 
front  chain  man   carries  a  bundle  of  ten  pins  with  pieces  0* 
cloth  tied  to  them  to  attract  the  attention  of  the  rear  chain - 
man,  and  one  of  these  pins  is  pressed  into  the  ground  at  cacl^ 
chain-length.     They  are  picked  up    and  tallied  by  the  rea^^^ 
chainman  as  he  progresses.      It  is  very  easy  to  make  njistak^^^ 
in  chaining,  because  of  the  liability  to  drop  a  chain  in  coun'C^  * 
ing  or  the  tendency  to  measure  on  sloping  ground  withoL»^ 
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making  the  proper  reductions  to  the  horizontal.  Moreover, 
the  chain  varies  in  length  by  tension,  expansion,  and  contrac- 
tion. In  chaining  on  steep  ground  the  endeavor  should  be 
to  hold  the  chain  level  and  to  plumb  down  from  one  end,  and 
where  the  slopes  are  very  steep  half-chains  of  fifty  feet  only 
should  be  measured  at  a  time  in  order  that  the  chain  may  be 
held  horizontally. 

The    chainmen    usually    work    ahead    of    the    transitman 

towards  the  front  flag,  but  they  may  be  passed  by  him  and 

follow  him.     The  rear  chainman  is  the  more  important  of 

the  two,  as  under  ordinary  methods  of  running  he  lines  in  the 

front  chainman.     The  latter  walks  ahead,  dragging  the  chain 

behind  him,  and  moves  to  one  side  or  the  other  according  to 

the  rear  chainman*s  signaled  directions.     The  rear  chainman 

shakes  the  chain  out  to  get  rid  of  kinked  links,  holds  the  end 

of  the  handle  against  his  pin,  and  when  the  front  chainman 

is  in  line  calls  out   **  Down!  *'  when  the  latter  places  the  fore 

pin  in  the  ground.     The  front  chainman  should  be  the  more 

active  of  the  two,  as  the  speed  of  the  party  depends  upon  his 

movements. 
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100*  Tachymetry.^ — Tacliymctry,  or,  as  it  is  sometimes 

called^  tachyometry,  is  a  method  of  rapid  surveying  which 
enables  the  operator,  by  a  sin^^Ie  observation  upon  a  rod,  to 
obtain  the  necessary  horizontal  and  vertical  data  for  the  dc- 
termination  of  the  three  elements  of  position  of  a  point  on 
the  surface  of  the  earth.  Optical  measurement  of  distances, 
azimuths,  and  heights  by  one  observation  is  its  essential  prin- 
ciple, and  is  performed  by  means  of  stadia,  telemeter,  or  special 
tachymetric  attachment.  Tachymetry  furnishes  at  one  oper- 
ation all  the  controlling  elements  required  in  topographic 
surveying  as  distinguished  from  plane  surveying,  which  for 
topographic  requirements  must  be  supplemented  by  hypso- 
metric surveying. 

The  instruments  employt-d  in  tachymetric  measurement 
consist  of  a  good  transit  or  plane-table  and  alidade  (Arts.  85, 
56  and  59),  and  of  a  vv^ell-madc  rod  variously  divided  accord- 
ing to  the  method  employed  (Art»  112),  The  requirements 
of  this  method  are  rapidity  and  comparative  accuracy  of  meas- 
urement accomplished  with  the  least  cost,  rather  than  with 
extreme  precision.  Where  it  is  necessary  to  measure  dis* 
tances  and  elevations  at  the  same  time,  tachymetry  gives  as 
nearly  accurate  results,  at  much  less  cost  of  time  and  money, 
as  are  possible  with  chain  and  spirit-levcL 

There  arc  practically  two  .systems  of  tachymetric  meas* 

iirement : 

I .  The  angular  or  tanojcntial  system  \   and 
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1.  The  stadia,  telemeter,  or  subtend  system. 
By    angular     tachymetry    the    horizontal     distances    arc 

<ietcrmined  by  measuring   the    vertical    angle    between  two 

nt*i.rU    at    a    given    distance    apart    on    a  rod»       By  subtend 

\09^   stadiif  tiichymutry  the   horizontal    distance  is  determined 

i  by  ubscrving  the  number  of  divisions  intercepted  on  a  rod 

between  two  lines  in  the  diaphragm   of  the  instrument,  the 

distance  between  which   bears   a  fixed   ratio  to  the  distance 

intercepted. 

The  simplest  form  of  tachymetry  is  with  the  plane-table, 
since  on  this  is  executed  a  graphic  triangulation  which  attains 
the  same  end  as  does  optical  tachymetry  or  the  range-finder 
<  Art.  116),  All  forms  of  tachymetry  are  by  means  of  trian- 
gulation, varynng  from  a  long  base,  as  with  plane-table  or 
theodolite  triangulation,  to  the  short  base  of  a  Welden  range- 
finder  or  of  stadia-wires.  Tachymcters  may  be  divided  into 
three  classes : 

I.  Those  in  which  the  measured  base  forms  an  integral 
part  of  the  instrument  itself,  as  is  the  case  with  the  Wagner- 
I^ennel  type  of  tachymeter  and  the  large  fixed  range-finders 
^«>pIoyed  at  seacoast  batteries  and  on  board  ships; 

2.  Those  in  which  the  measured  base  is  on  the  point  ob- 
l^erv^ed,  as  is  the  case  with  the  stadia;   and 

3»  Those  in  which  the  base  is  measured  on  the  ground  at 
^he  observer's  station,  as  with  the  Welden  range*finder  and 
^He  plane-table  used  in  range- finding. 

lOi.    Topography  with  Stadia,— In    running    a    simple 

**^^clia  traverse  considerable  topography  may  be  obtained  by 

JF^i^    method  of  triangulation  intersections  (Art.   73)  in  con- 

Miction  with  the  stadia  traverse,  where  it  may  be  necessary 

^^  expand  the  area  of  topographic  mapping.  Thus  signals 
'""^^y  be  established  on  commanding  summits  visible  from  the 
**r\^,  and  directions  and  vertical  angles  (Arts.  54  and  160) 
^^     read  to  these,   thus  determining   their  positions.     Then 
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the  stations  marked  by  the  signals  can  be  occupied  by  ti 
topographer;    or   else    two    or   three  assistants  with  stadia      ^ 
rods  may  move  about    to  the  various  positions  which  it  ts 

desired  to  determine  from  these  stations;  the  topograph 
meantime  observing  on  the  rods  and  thus  locating  thefc^  u 
after  which  he  sketches  in  the  topography  adjacent  to  thcr  -}i 
position. 

The  simplest  method  of  surveying  a  river  or  narrow  lake 
with  the  stadia.  The  transit  or  plane-table  should  be  carri 
in  one  boat  and  landings  be  made  for  stations;  or,  wh 
banks  will  not  permit  of  landing,  the  instrument  may  be  fimsHBiy 
fastened  in  the  boat.  In  a  second  boat  a  stadia-rod  is  carri  e«( 
and  distances  and  directions  are  read  to  the  rod  by  the  »^p^        '^g 

rapher,    thus   locating   its   position.      By   moving  along,    t he 

topographer  alternately  passing  the  stadia-man  and  the  stad  ^a- 
man  the  topographer,  and  repeating  this  process,  it  is  possift=?Je 
to  procure  a  fair  map  of  such  river  at  moderate  cost  and  ir^a  a 
comparatively  short  time.  Greater  speed  and  accuracy  i^B^re 
obtainable,  where  the  conditions  permit^  by  executing  plax'^e- 
table  triangulation  in  conjunction  with  the  stadia  measure- 
ments, according  as  one  or  other  method  is  more  cc»^- 
venient. 

102.  Tachymetry  with  Stadia.— The  stadia  is  a  de\ri<:^« 
for  determining  the  distance  of  a  point  from  the  observer  l^y 
means  of  a  graduated  rod  and  the  distance  subtended  or^  •*• 
by  auxiliar>^  wires  in  the  telescope  of  a  transit  or  alida^:^ 
The  principle  upon  which  stadia  measurements  are  based  ^* 
the  geometric  one  that  the  lengths  of  parallel  lines  subtend!  ^^^6 
an  angle  are  proportioned  to  their  distances  from  its  ap^r  :3^ 
This  proportion  is  applied  through  the  medium  of  two  ft  w^^ 
w^ircs  or  cross-hairs,  or  a  glass  with  lines  etched  on  it  at  ^*^® 
positions  of  the  cross-hairs,  and  equidistant  from  the  c^  *^^ 
tral  cross-hair  or  line.  The  space  which  any  two  of  th^  ^® 
lines  subtends   on   a   rod   or    other  object   of  known    len 
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ITS  a  direct  ratio  to  the  distance  of  that  object  from  the 
5s-hatrs  of  the  instrument,  and,  accordingly,  knowing  the 
[ancc  subtended  on  the  rod,  its  distance  from  the  instru- 
ct can  be  at  once  detennined. 

The  term  stadut  survf}>htg  is  used  to  include  not  only  the 
tsurement  of  the  horizontal  distance,  but  also  the  detcr- 
iation  of  heights  by  means  of  vertical  angles  observed  to 
led  point  on  the  rod.    The  stadia  hairs  may  be  horizontal 

the  rod  held  vertical,  or  vut*  versa,  though  the  former 
thod  is  usually  preferred,  for  the  rod  can  be  more  steadily 

readily  held  in  a  vertical  position  than  horizontally.  The 
tia-nn/  {Aft*  112)  may  be  held  at  right  angles  to  the  line 
light,  which  on  a  uniformly  sloping  hill  would  require  it 
>c  inclined  at  exactly  right  angles  to  the  slope,  or  it  may 
held   vertically,  which  is  a  much  simpler  operation,    and 

angle   of  inclination   is  then   reduced   by  computation  or 

es    (Arts.    104  and    105).      The    latter    method    is   more 

Jy  and  commonly  employed  than  the  former. 

J*hc   staJia-hairs  are   usually    three  in    number  and  arc 

3cd  parallel  to  each  other,  the  outer  equally  distant   from 

center  one,  and  at  an  extreme  distance   from   each  other 

m  bears  a  decimal  ratio  between  the  distance  subtended 

^^bt  measured  horizontally  on  the    ground.      For    very 

l^m  work  it    is   considered   better  practice  to  have  the 

ia<hairs  fixed  so  that  they  are  not  adjustable,  and  to  de- 

linc  experimentlly  the  ratio  between  the  distance  which 

r  subtend  on  the  rod  and  that  measured  on  the  ground; 

n  other  words,   the  multiple  of  the   distance   subtended. 

more  common  and  convenient  way,  however,  is  to  place 
^■trcme  hairs  at  such  a  distance  apart  that  one  foi>i  sub* 
^Hr  on  the  rod  represents  one  hundred  feet  on  the  ground 
^  the  focal  length,  and  this  ratio  is  obtained  by  having 
s  adjustable  so  that  by  testing  the  adjustment  it  can 
rtained    at    any  time    whether    or    not    this   ratio  is 
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correctly  fixed.  By  this  means  it  is  possible  to  measure 
greater  distances  than  would  be  observable  on  a  rod  of 
given  length,  by  using  the  half-hairs,  or  the  distance  be- 
tween one  of  the  extreme  hairs  and  the  middle  hair;  in 
which  case  a  given  distance  on  the  rod  would  correspond 
to  double  the  distance  on  the  ground  measured  by  the 
extreme  hairs. 

Example:  One  foot  subtended  by  extreme  hairs  equals 
lOO  feet  in  distance;  then,  with  level  horizontal,  if  5.68  feet 
arc  subtended  on  rod  by  hairs»  the  rod  is  distant  from  the 
telescope  568  feet  plus  the  focal  length/. 

Example:  If  the  sight  be  still  horizontal  but  the  half 
hairs  set  so  that  I  foot  on  the  rod  equals  200  feet  in  distance, 
then  for  the  above  intercept,  5.68  feet,  the  distance  from  the 
center  of  the  instrument  to  the  rod  will  be  1 136  feet  plus  the 
focal  distance. 

103.  Accuracy  and  Speed  of  Stadia  Tachymetry.-— The 
accuracy  and  precision  of  well-conducted  stadia- work  is  rarely 
fully  appreciated.    The  stadia  is  essentially  intended  to  secure 
rapidity  rather  than  accuracy;  nevertheless*  with  proper  care 
to  eliminate  the  chief  sources  of  error,  a  high  degree  of  accu- 
Vacy  may  be  attained.      It   is  now  generally  believed  by  m^'^^ 
of  those  who  have  employed  the  stadia  in  careful  operations 
that  where   properly  handled    it  will   produce  results  as  g<:><»<^ 
as,  and  frequently  better  than,  those  w^ith  the  chain,  cspeci^^-l'V 
in  rough  country  where  the  inclination  of  the  ground  affects 
chaining  most  seriously. 

The  degree  of  precision  is  dependtnf  upon  several  quas^^*' 
ties,  chief  among  which  are : 

1 .  Length  of  sight ; 

2.  Ratio  of  the  space   subtended  on   the   rod  to  the  ^1^ 
tance  on  the  ground; 

3.  Magnifying  power  of  the  telescope; 

4.  Fineness  of  the  cross-hairs;   and 
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5.  Precautions  taken  to  modify  or   eliminate  the  effects 
of  refraction. 

Numerous  experiments  have  been  made  to  ascertain  the 
^iits  of  magnifying  power.  By  observing  distances  with 
elescopes  magnifying  ig  times  and  25  times  respectively, 
under  essentially  the  same  conditions,  Prof.  Ira  O,  Baker 
found  the  average  error  in  the  first  case,  that  is,  with  the 
lou'cr  magnifying  power,  to  be  i  in  282,  and  in  the  second 
case,  with  the  higher  magnifying  power,  I  in  333,  He  simi- 
larly experimented  with  a  view^  to  determining  the  length  of 
sight  and  corresponding  error,  with  the  result  that  the  errors 
at  distances  of  lOO,  200  and  300  feet,  respectively,  were  \  in 
2,  I  in  263,  and  i  in  370.  These  results,  however*  are  not 
valuable  in  showing  the  effect  of  this  form  of  error, 
because  it  is  largely  introduced  by  the  quality  of  the  instru- 
ment, its  magnifying  power,  size  of  cross-hairs,  atmospheric 
nditions,  and  similar  modifying  circnmstances. 
Experiments  by  Mr,  R.  E.  Mid  diet  on  showed  the  limit  of 
accuracy  of  the  stadia  instrument  with  which  he  was  experi- 
menting to  be  about  800  feet.  Between  100  and  800  feet 
e  average  error  was  minus  .43  feet  per  thousand  feet; 
yond  this  distance  it  increased  rapidly  to  minus  .97  feet 
r  thousand. 

Perhaps  some  of  the  most  interesting  results  obtained  with 
adra,  as  showing  its  precision^  were  those  obtained  by  Mr, 
J*  L.  Van  Ornum  in  taking  topography  on  the  international 
survey  of  the  Mexican  Boundary.  The  whole  of  the  boundary 
line  was  measured  with  the  stadia,  and  a  large  portion  of  it  by 
the  chain,  and  always  tied  in  by  a  system  of  accurate  primary 
^riangulation*  Corresponding  distances  were  found  by  stadia 
U  chain  and  compared  with  the  known  distances  as  obtained 
triangulation,  with  the  following  results: 
Of  five  different  stretches  measured  by  the  three  methods, 
the  total  distance  shown  by  triangulation  was  99, 1 10  meters. 
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b)^  stadia  99,025  meters,  by  corrected  chain  99,041  meters. 
The  total  ratio  of  error  between  triangulation  and  chaining 
was  minus  I  in  1436,  and  between  triangutation  and  stadia 
minus  I  in  1166.  Other  sections  of  the  line  were  measured 
by  stadia  and  triangulation,  but  not  by  chain.  In  all  there 
were  measured  1S2.5  mites  by  stadia  which  were  triangulated 
and  in  which  the  total  difference  in  length  was  plus  50 
meters,  or  I  in  5837.  It  may  be  noted  that  the  chained 
distance  was  marked  corrected  chain,  because  in  six  measure- 
ments of  the  chained  distance,  dropping  or  omission  of  chain- 
lengths  occurred  which  were  detected  in  every  instance  by  the 
stadia.  The  cause  of  this  may  be  sought  in  the  fact  that  the 
responsibility  for  correct  measurement  with  stadia  was  placed 
on  a  trained  instrumentman,  thus  reducing  the  danger  of 
systematic  error  to  a  minimum.  Moreover,  there  were  some 
distances  measured  with  the  stadia  which  it  would  have  been 
almost  impossible  to  measure  with  the  chain  owing  to  the 
roughness  of  the  country  and  the  great  error  and  confusion 
which  would  have  resulted  from  breaking  chain  frequently  on 
exceedingly  rough  ground-  ^| 

In  the  surve3^s  of  the  Indian  Territory  by  the  Unite^^ 
States  Geological  Survey*  a  considerable  number  of  section 
lines  were  run  with  stadia  and  chain  with  a  view  to  determin- 
ing in  a  general  way  whether  the  stadia  measurements  were 
as  accurate  as  the  chain  measurements,  or,  in  other  words,  if 
they  could  be  kept  within  the  limit  of  error  allowed  in  the 
Manual  of  the  U.  S.  Land  Office.  This  work  was  not  done 
with  any  great  accuracy,  but  with  sufficient  care  to  ascertain 
the  fact  that  in  ever}'  case  the  stadia  measurements  were 
well  within  the  closing  limits  allowed  for  chaining  according 
to  the  Manual,  namely,  |  of  a  link  per  chain-length.  ^| 

The  degree  of  accuracy  which  may  be  attained   by  cortl^ 
paratively  crude  stadia  surveys  extending  over  a  great  area 
may  be  illustrated  by  a  preliminary  line  run   in   Mexico  by 
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Mr.  W,  B.  Landreth  and  the  author  from  the  west  coast 
near  Culiacan  across  the  Sierra  Madre  to  Durango  and  back 
1  by  a  different  route.  The  method  of  running  consisted  in 
I  reading  declination  and  distance  with  a  transit  to  a  stadia-rod 
Pheld  as  foresight,  the  instrumentman  leaving  a  small  sapling 
lii^rth  a  piece  of  paper  at  his  instrument  position  to  serve  as  a 
B^r^rsight.  Vertical  angles  were  read  also  in  connection  with 
(ills  line.  The  total  distance  closed  as  a  circuit  606  miles  in 
length.  It  was  computed  by  latitudes  and  departures  which 
closed  within  1 100  feet,  while  the  average  cost  of  the  survey 
inrais  about  $3.00  per  linear  mile. 

The  s/m/  of  stadia  surveys  is  far  greater  than  that  of 

cVaaining  where  the  surface   of  the   ground   is   rough,  since 

&i^hts  of   one  to   two   thousand    feet  length   can   be   taken. 

t-T  i»der  similar  circumstances  the  chain  has  to  be  laid  down 

rid  stretched  every  hundred   feet.      Again,    in    a    winding 

nyon  or  hilly  road  the  instrument  may  have  to  be  set  up 

'Vcr)'  hundred  feet,  perhaps  ten  times  in  2000  feet,     A  single 

t-up  and  sight  with  the  stadia  may  make  the  same  measure 

^nd  be  not  only  speedier  but  far  more  accurate.     The  latter 

because  one  relatively  crude  measure  will  be  less  liable  to 

^rror  than  ten  separate  measures  of  both  angle  and  distance. 

'^^nally,  the  relative  speed  is  further  increased  and  the  cost 

^^duced  correspondingly  when  elevations  arc  to  be  obtained. 

I^or  with  stadia  this  is  accomplished  with  the  same  men  and 

instruments   in    conjunction   with    the    plane    survey*      With 

^Hain  survey,  however,  another  party  is  necessary  to  deter- 

''^ine  elevations  by  spirit-level. 

Over  smooth  country  surveys  may  be  made  by  stadia  still 

*^orc  rapidly  than  by  chaining  or  leveling  if  the  rodman  be 

^^ounted   or  ride  a   wheel,   and    the    instrumentman    ride  or 

*^«*ive*      On  the   Mexican  survey  above   cited  as   many  as    16 

*TiiJes  a  day. were  often  made,  including  the  determination  of 
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height  and  the  sketching  of  topography.  Under  favorable 
circumstances  lO  to  20  miles  a  day  can  be  made  as  easily  as 
5  to  8  miles  walking  with  chain  or  level. 

Surveys  by  stadia  traverse  and  plarte-table  intersections 
combined  have  been  made  of  the  shore  line  of  large  lakes,  as 
Raquette  Lake  in  the  Adirondacks,  at  remarkably  low  cost 
and  with  great  accuracy.  This  lake  has  a  most  intricate 
shore  line  and  contains  many  islands,  all  heavily  wooded. 
Yet  its  45  miles  of  outline  were  mapped  on  a  scale  of  l  J  inches 
to  a  mile  by  one  topographer  and  one  stadiaman,  both  in 
boats,  in  12  days. 

1030.  Stadia  Arc  Attachment — By  a  simple  device 
easily  attached  to  the  vertical  arc  of  a  transit  or  alidade,  Mr 
W.  M.  Beaman  of  the  United  States  Geological  Survey  has 
rendered  it  possible  to  read  directly  from  the  instrument  dif- 
ferences of  elevation  and  reduced  horizontal  distances  in 
stadia  work,  without  measuring  vertical  angles  or  referring  to 
stadia  tables.  The  use  of  this  attachment  has  greatly  simpli* 
fied  and  quickened  stadia  work. 

The  stadia  arc,  which  is  screwed  on  the  outer  side  of  old 
arc  (Fig.  75^)1  carries  two  separate  double  scales  having 
coincident  zero  points  marked  50  and  o,  respectively.  Either 
scale  is  read  by  reference  to  the  common  adjustable  index, 
which»  when  telescope  is  level,  must  be  set  at  the  zero  point 
of  the  scales  before  the  stadia  arc  is  used*  The  two  scales 
are: 

To  the  right,  next  index,  a  multiple  scale,  with  zero 
point  marked  50,  which  indicates  multiples  for  obtaining  dif- 
fercnces  in  elevation.  An  advantage  of  this  method  of 
numbering  is  that  a  direct  reading  of  the  arc  will  show 
whether  the  correction  is  plus  or  minus. 

To  the  left  a  reduction  scale,  with  zero  point  marked  o, 
which  gives  percentages  of  correction  that  may  be  used»  if 
desired,  to  reduce  observed  stadia  distance  to  horizontal. 
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To  determine  differences  in  elevation  read  first  the  stadia 
distance,  then  clamp  the  leveled  telescope  with  the  index 
exactly  at  50.  Next  raise  or  lower  the  telescope  until  the 
middle  cross-wire  is  somewhere  on  the  rod.  The  arc  reading^ 
minus  50,  multiplied  by  the  observed  stadia  distance  is  the 


Fig.  75a. — Stadia  Arc  Attachment. 

[From  Breed  and  Hosmcr's  **  Principles  and  Practice  of  Surveying,"  by  permission  of  the 

Authors.  J 

difference  of  elevation  between  the  telescope  and  the  point 
on  the  rod  indicated  by  the  middle  wire. 

The  division  on  the  second  or  upper  scale  indicated  by 
the  index  at  the  same  rod-setting  gives  the  correction,  ex- 
pressed as  a  percentage,  needed  to  reduce  the  observed  dis- 
tance to  horizontal. 

104.  Stadia  Formula  with  Perpendicular  Sight. — In 
sighting  the  rod   from   the  telescope,  the  stadia-wires  appear 
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to  be  projected  upon  the  rod,  thus  intercepting  a  fixed  dis- 
tance upon  it.  In  fact  there  is  formed  at  the  position  of  the 
stadia-wires  an  image  of  the  rod  which  the  wires  intercept, 
and  at  points  which  are  the  respective  foci  of  the  two  points 
subtended  on  the  rod.  If  the  object-glass  be  considered  a 
simple  bi-convex  lens,  then,  by  the  principle  of  optics,  the 
rays  from  any  point  of  an  object  converge  to  a  focus  at  a 
straight  line  which  is  a  secondar}-  axis  connecting  the  point 
with  its  image  and  passing  through  the  center  of  the  lens. 
This  point  of  intersection  of  the  secondary-  axis  ts  the  optical 
center.      It  follow^s  that  the   lines  cC  and  hB^  Fig,  76,  dra^rn 


Fig.  76,— Stadia  Measurkmrm  on  Horuontal. 

from  the  stadia-wires,  will  intersect  the  object  at  points 
correspond  in  or  to  those  which  the  wires  cut  on  the  image  o  4 
the  rod*      From  this  follows  the  proportion 


J 


a 
I 


hence 


t 


(^1 


in  which  d  1^  the  distance  of  the  rod  from  the  center  of  th-^* 

instrument ; 

^         /  =  the  distance  of  the  stadia-wires  from  the  cent^^r 

of  the  objective; 

a  —  the   distance    intercepted    on    the    rod   by  iSrm.t 

stadia-hairs:   and 

i  —  the  distance  of  the  5tadia*hairs  apart. 

/ 
If  /  remained  the  same   for  all  lengths  of  sights  thcfi    7 


L 


STADIA   FORMULA    WITH  PERPEiVDlCVLAF  SIGHT.   24$ 

would  equal  a  constant,  and  d  would  be  directly  proport tonal 
to  a.  Unfortunately  /  varies  with  the  length  of  the  sight, 
and  the  relation  between  d  and  a  is  therefore  variable. 
Representing  the  principal  focal  length  by  the  letter  /,  and 
applying  the  general  formula  for  bi-convex  lenses,  that  the 
sum  of  the  reciprocals  of  the  conjugate  focal  distances  of  the 
convex  lens  is  equal  to  the  reciprocal  of  the  focal  length  of 
the  lens,  we  have 

p  +  7i=/ <3) 

in  which  two  different  focal  distances  of  image  and  object, 
/  and  /',  are  approximately  the  same  as/  and  d  respectively. 
Substituting  the  above  formula  in  (2)  and  transposing^  we 
get 

d^L+j\      ..,.,.     (4) 

Since  in  the  above  y"  and  /  remain  constant  for  sights  of  all 
lengths,  the  factor  by  which  a  is  multiplied  is  a  constant,  and 

<^  is  equal  to  a  constant  multiplied   by  the  length  of  r?+/- 

T*hc  constant  corresponding  to  --  is  usually  designated  by  l\ 

and  accordingly  the  distance  from  the  rod  to  the  objective  of 
the  telescope  is  equal  to  a  constant  times  the  reading  on  the 
fod  plus  the  focal  length  of  the  objective. 

To  obtain  the  exact  distance  to  the  center  of  the  instru- 
nrient,  it  is  further  necessary  to  add  the  distance  of  the 
<^bjective  from  the  center  of  the  instrument  to  /i  which  may 
t>c  called  t\  the  final  expression  for  the  distance  of  the  bori- 
^ontal  sight  is  then 

d^ka+f+c (S) 

The  approximate  value  of  f,  the  focal  length,  may  be 
obtained  by  focusing  the  telescope  on  a  distant  object  and 
*^easuring  the  distance  from  the  center  of  the  object-glass  to 
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the  cross-hairs.  The  value  of  c  is  not  constant  in  most 
instruments,  since  the  objective  is  moved  in  focusing  for  the 
different  distances.  It  may  be  determined  by  focusing  on 
an  object  a  few  hundred  feet  away  and  measuring  the  distance 
from  the  objective  to  the  center  of  the  instrument. 

The   value  of  —  ^  /'  may  be   determined    by  driving  a 

tackhead  in  a  stake  and  setting  up  the  instrument  over  this. 
From  this  point  measure  two  distances — one,  say,  of  lOO 
feet,  and  the  other  of  300  feet — and  holding  a  rod  at  each, 
note  the  space  intercepted  on  the  rod  at  each  point.  Now, 
from  the  formulas, 


d  = 


and 


4  +  (/+  r) 


/ 


^'=7'''  +  C/  +  0. 


(6) 


(7) 


B 


in   each  of  which  the  values  of  d  and  d*  and  a  and  a   arc 

known,  the  values  of   -  ^^  k  and/+  c  may  be  deduced. 

105.  Stadia  Formula  with  Inclined  Sight- — Formula  (S) 
is  based  on  the  assumption  that  the  visual  ray  is  horizontal 
and  the  rod  held  vertical;  that  is,  the  line  of  sight  is  assum^^ 
to  be  perpendicular  to  the  rod.      This  formula  is  inaccurat^^ 
however,   for  most  stadia- work,   because  the  sights  are  n^^^ 
taken    on  a    level,   but    usually    on    a    slope    or    inclination^ 
Accordingly,    d   is    not    the    horizontal    distance    ftom    t^** 
instrument  to  the  rod,   but   the  inclined   distance  from  t*'*' 
horizontal   axis    of    the   telescope   to  the  point  on   the   r* 
covered  by  the  central  visual  hair.      Formula  (5)  may  be  us 
with  an  inclined  sight,  provided  the  rod  is  held  perpendicul 
to  the  central  visual  ray,  and  such  perpendicularity  may 
obtained  by  a  telescope,  or,  more  simply,  by  means  of  a 
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o^  sights  attached  to  the  rod  at  right  angles,  or  by  a  plumb- 
bob. 

The  effort  to  procure  perpendicularity  of  the  rod  involves 
sc%*cral  serious  diflFicultics,  among  which  arc:  (i)  the  difficulty 

>  holding  the  rod  steadily  in  this  position;  (2)  the  fact  that 
is  not  always  possible  for  the  rodman  to  see  the  telescope 
a  long  distance  or  great  angle;  and  (3)  because  the 
formulas  for  computing  the  horizontal  and  vertical  co- 
ordinates arc  more  simple  wh^n  the  rod  is  held  vertical  than 
when  it  is  held  perpendicular  to  the  line  of  sight. 

The   same   effect   as   is   obtained    by   perpendicularity   is 
obtained  by  holding  the  rad  horizontally  and  having  the  cross- 
wires  of   the   telescope   placed  vertically.     There  arc    some 
advantages  in  this  method,  because  there  is  no  likelihood  of 
confusing  either  of  the  stadia-hairs  with  the  central  horizontal 
levcling-hair  used  in  obtaining  elevations.     Though  in  some 
detailed   work  this   method   has   been    employed,    the  chief 
objection  to  it  is  the  difHculty  of  Jiolding  the  rod  horizontal^ 
it  being  usually  necessary  to  support  it  upon  trestles  or  some 
xniUr  device.      Neither  of  the  above  methods  is  generally 
cepted,  as  they  arc  less  simple  of  accomplishment  and  pro* 
duceno  better  results  than  the  more  usual  method  of  holding 
the  rod  vertical.      Mencc  they  will  not  be  further  discussed. 
The  rod  may  be  hi  Id  vertical  with  as  great  ease  as  may  a 
vcUng-rod  by  balancing  it  between  the  fingers  or  by  having 
ittached  to  it  plumbing- levels.     The  formula  for  reduction 
o  verticality   is  comparatively   simple.      Let    ar  =  angle    of 
tral  visual  ray  with  the  horizon.      This  angle  is  measured 
by  the  central  stadia-hair,  either  as  a  process  in  determining 
gonometric  levels  or  merely  with  the  object  of  reducing 
jthe   stadia  distances.      It   is  generally  small  and  should  be 
'^pt  as  small  as  possible  to  produce  the  best  results.      Let 
==^  the  visual  angle  subtended   by  the  extreme  cross-hairs 
^^  the  rod,  an  angle  which  is  always  small,  rarely  exceeding 
f^e  half  of  a  degree. 
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As  CD  (Fig,  Tj)  is  the  actual  distance  subtended  on 
rod,  and  AB  the  distance  which  would   be  subtended  if 


Fig.  77. — Stadia  Mrasurxmemt  on  SlopBi 

rod  were  held  perpendicular  to  the  line  of  sight,  the  relati 
between  AB  and  CD  is  required,  and  by  simple  mathemati 
deduction  we  obtain  as  an  expression  for  this 


AB  =  CD  cos  a. 


I 


<^) 


Since  AB  is  the  distance  subtended  with  the  rod  held  p>  «?r- 
pendicular  to  the  line  of  sight,  it  is  the  value  of  a  correspor-»d- 
ing  to  the  distance  d  in  Formula  (5),  and  it  therefore  beconrmcs 


d  —  ka  cos  €1  -\.  (/-|-  cy 


<9) 


Let  rf  — the  horizontal  distance  from  the  center  of  tl^^ 
instrument  to  the  vertical  foot  of  the  rod^  the  actual  distarm  cr« 
which  it  is  desired  to  measure.      Then  d'  ^z  d  cos  a  =  act«--»  ^ 
distance  from  center  of  instrument  to  center  of  rod  multipji  ^^<l 
by  cos  Of.     Substituting  in  this  the  value  of  d  from  form«^^-  ^* 
(9),  we  have 

d*  ==  ka  cos*  It  +  (/+  0  ^*^s  *^.      .      .      .     (m  ^ 


We  also  have 


k  =  C/+  c)  sin  a  ^  ak 


sin  2tM 


( 


in  which  A  =  the  vertical  distance  or  height  of  the  obj< 
above  the  instrument. 


^^1 
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With  the  aid  of  these  two  formulae  the  horizontal  and 
^ical  distances  can  be  immediately  calculated  when  reading 
ii  a  vertical  rod  and  when  the  angle  of  elevation  is  observed. 
rom  them  numerous  stadia  tables  have  been  calculated* 
M  earlier  and  more  important  of  which  were  those  published 
f  Messrs.  J.  A.  Ockerson  and  Jared  Teeple  and  those  pub- 
shed  by  Mr»  Arthur  Winslow. 

106.  Determining  Horizontal  Distances  from  Inclined 
bdia  Measures. — The  following  table  (VllI),  derived  from 
le  U.  S.  Coast  and  Geodetic  Survey  reports,  is  one  of  the 
lost  compact  for  use  in  reducing  short  stadia  sights  observed 
a  slopes  to  their  horizontal  projections* 


■ 

Table 

VII] 

- 

REDUCTION   OF   INCLINED   STADIA   MEASURES   TO 

_                                 HORIZONTAL 

DISTANCES. 

w 

HQncontat  projection  ot-^ 

t 

10  feel. 

«D  feet. 

30  feet. 

40  feeu 

50  fceu 

6ofeeU 

70  feel. 

So  feet. 

90  feel. 

».w 

«9!I9S 

99*991 

3«99« 

49'9«« 

59  9«6 

69.984 

79.981 

89*97» 

■ 

^m 

19.98 

»9»97 

39.96 

49.88 

59.  M4 

69.94 

79*9* 
79*8» 

89.91 

s 

9-9» 

1996 

S1I 

.19  91 

S9  86 

69.84 

89.S'* 

4 

9-96 

19  9» 

39.84 

49.80 

59.76 

69.7^ 

79.6a 

89.64 

I 

9-04 

t9B« 

998* 

39*75 

49.69 

59.63 

69.57 

79«SO 

89.44 

99« 

i9*fti 

»9.73 

39*64 

49  56 

59.46 

69.37 

79**7 

88.91 

I 

9^»» 

19.76 

»9.64 

39. s« 

49-4'^^ 

59  aa 

^T 

79.04 

9.84 

ig.68 

>9  53 

39.37 

49  »» 

^'^ 

7».74 

88.58 

9 

9*Bo 

19*60 

*9.4« 

39.^t 

49.01      1 

58  80 

68. 6t 

78.41 

aB.ai 

to 

9-TS 

19*51 

«9  »7 

3Q  <w 

48  78 

sa.54 

68n 

78.05 

87  79 

t» 

^,JO 

»94» 

39-11 

iSia 

46.^. 

S8.a. 

67  93 

7764 

z% 

ts 

9M 

t9*lo 

3*95 

3860 

48*»4 

57. 9» 

67.55 

77. » 

>1 

4.60 

i9>>o 

td.So 

3«*40 

48  o« 

S7-6o 

67.^ 

76.80 

86.40 

■4 

9-5S 

IQ.IO 

»8.65 

^.» 

47.7s 

57.3^ 

W.85 

76.4<» 

85.95 

If 

9*50 

Iit^.ao 

3d.  JO 

jB« 

47*50 

S7*«> 

66.50 

76.a> 

85.SO 

^mple  :  /  =  160*20  and  a  =  7*  00  • 

d  —  98.70  and 

a=  4*o< 

>. 

(  too.  ...>........»..   08  80 

(qO 

89,64 
7.968 

^*i\    60.. 59.  2B         * 

J8.7-    8 

f     O.T 

0.6972 
98*3052 

■ 

</' 

=  158. 

277^ 

^'  = 

107.  Horizontal  Distances  and  Elevations  from  Stadia 
ladings. — Table  IX  was  computed  by  Mr.  Arthur  Winslow 
is  reproduced  here  from  J,  B,  Johnson's  **  Surveying.*' 
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HouzoirrAL  Di 

STANCES   4SD  Eletatiok^  Fmoti  Stadca  RSAimifGS*        J 

Ml.«t«u 

o*> 

1° 

SO 

d» 

H«.    i 

Dicr 

Hot.          t)iC 

Bat. 

Die 

Hot. 

Dii 

^     Diii. 

L                           1            : 

£fe«« 

Dim. 

£kv. 

Dm. 

Btr. 

D^ 

a* 

O    .     . 

1 
tooxx> 

€L00 

99-97 

174 

9^ 

M9 

99^73 

F3 

2      . 

u 

CX06 

•• 

lA 

99^ 

>S5 

99^75 

^ 

4     ' 

•t 

at3 

*• 

iM 

• 

3A1 

99^71 

534 

6    , 

•> 

atj 

99^ 

t^2 

u 

>^ 

" 

540  1 

8    . 

•* 

cxzj 

•♦ 

l^ 

99^6 

>7* 

99^70 

h6 

10     . 

''        «. 

Ow29 

•• 

2^ 

" 

3.7« 

99^ 

5-5-' 

12      . 

« 

0-35 

«4 

2^ 

99^5 

1^ 

m 

5.5: 

14    . 

■1 

CM' 

99^5 

2.15 

M 

3^ 

99« 

563 

[6    . 

•* 

a47 

*t 

2.21 

99^ 

>95 

•* 

5^ 

tS    . 

it 

a52 

ti 

2,27 

H 

4431 

9^ 

5-75       ' 

20      * 

•* 

0.5S 

w 

2-33 

•J9-83I 

4^ 

99JG6 

5^ 

tz    . 

41 

a64 

99^94 

^.3^ 

« 

4t3 

■i 

SM 

H    - 

M 

a70 

•t 

2-44 

99.S2 

4.tS 

99^5 

S^ 

26    . 

99.99 

a76 

M 

2.50 

M 

4^ 

99^64 

5?^ 

2R     , 

«* 

oSf 

99^93 

2.56 

99JI1 

4- JO 

99-63 

M 

30    ^ 

1* 

087 

11 

2.62 

M 

4.3^ 

I* 

(ucq 

32    ^ 

•4 

093 

44 

2^ 

99^ 

442 

99^ 

diS 

^^^^ 

34    . 

t* 

0-99 

M 

2*73 

w 

44S 

1* 

641 

^H^ 

3^    • 

»i 

ix)5 

99^95 

279 

99*79 

453 

99-61 

6:7 

^H 

38    ^ 

t* 

Ml 

it 

2^5 

t« 

459 

99.60 

^33 

^M 

40    . 

« 

t.i6 

U 

2.91 

99.78 

4^S 

99-59 

633   ' 

1    ^"    ' 

•■• 

1.22 

99.91 

2.97 

la 

471 

«* 

644     , 

44     ' 

99-98 

1.28 

♦♦ 

3.02 

99.77 

4.76 

99^58 

6.^    I 

46     . 

II 

I.J4 

9990 

308 

«( 

432 

99-57 

65^    I 

4S     , 

M 

MO 

•* 

314 

99.76 

4-88 

99.56 

661     1 

SO    • 

«t 

MS 

«( 

320 

It 

4.94 

«4 

6^     1 

1 

5^    ' 

*• 

1.51 

99-S9 

3.26 

99-75 

499 

99.5s 

6^73 

t 

54    < 

ft 

1.57 

u 

3-3' 

99^74 

5.0s 

99.54 

6.7S 

56    ^ 

99*97 

1.63 

It. 

3  37 

<« 

5^" 

99  53 

6^ 

* 

5S    ' 

•* 

1.69 

99« 

s^y 

99-73 

5»7 

99^52 

69a 

1 

1 

60 

75 
,00 

If 

1-74 

4« 

3-49 

M 

523 

99-5» 

6.96 

OJ35 

ao6 

0.7  s 

0.01 

0-7S 

0,02 

a7S 

0^3 

a75 

1*00 

CMJl 

1,00 

0^3 

1*00 

004 

IJQO 

r=l.2S 

12s 

Ov02 

I.2S 

0.03 

1^5 

0,05 

1.2s 

ooS 

1                                          •  Kfom  "  Theory  a 

nd  Pracii 

ccol  Survcyjiiij/"  by  Vroi,  },  B.  Jutjn*on.     New  York;  /c»* 

'                                Wiley  &  Son*. 
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40 

50 

60 

1 

'^0 

I 

ItlanlM, 

^^H 

Hoi, 

DMT. 

Uor. 

DiflT. 

Hoc, 

Diflr. 

ttcr. 

Dijr. 

^H 

Di*L 

Ekif, 

Dwu 

Ekv. 

Dut. 

Ekv. 

Dttt. 

Ekr.     1 

1 

o     .     . 

99*5« 

6.96 

99,24 

R.6R 

98.91 

TO^O 

98.51 

12.10 

1    . 

14 

7^2 

99-23 

8.74 

98.90 

1045 

98.50 

12.15 

^H 

4     • 

99-50 

7-07 

99.22 

8&) 

98.88 

10.51 

98.48 

12.21 

^1 

6    . 

99-49 

in  ' 

99.21 

835 

98J7  ! 

10.57 

9847 

12  26 

^1 

S    . 

99.48 

7.19 

99.20 

8.91 

98^ 

10.62 

98.46 

12,32 

^1 

lo    . 

99^47 

7=5 

99^19 

8.97 

98^5 

to.68 

98.44 

12,38 

H 

la    . 

99^6 

7.30 

9?m8 

9X>3 

98^83 

ia74 

9843 

1243 

H 

■4    * 

it 

7.36 

99>t7 

9X)8 

98.82 

10.79 

98-41 

1249 

^H 

|6    . 

99^5 

7*42 

99,16 

9.14 

1    98.81 

1085 

98.40 

J  2^55 

^1 

iS    . 

9944 

748 

99.15 

9.20 

9S.80 

10,91 

98^39 

12.60 

^1 

30      . 

9943 

7*53 

99.14 

9.25 

98.78 

10.96 

98.37 

12.66 

H 

2^      . 

99^4^ 

7  59 

99-13 

^3. 

98.77 

11.02 

98,36 

1272 

H 

*4    . 

9941 

7*65 

99,11 

9-37 

98.76 

iijdS 

98.34 

12.77 

^H 

36     . 

99.40 

7.7' 

99.10 

9.43 

9874 

II 13 

98.33 

12.83  1 

^1 

28     . 

99-39 

7-76 

99-09 

948 

98.73 

11.19 

98.31 

T2J8 

^1 

p  • 

9938 

78: 

99.08 

9.54 

98.72 

11.25 

98.29 

12.941 

H 

32     ' 

99-3^ 

im 

99,07 

9.60 

98.71 

11,30 

98,28 

13.00 

H 

34    ■ 

99-37 

794 

99.06 

9.65 

98.69 

11.36 

98.27 

13.05 

^1 

36    . 

99-36 

7*99 

99,05 

9.71 

98.68 

1142 1 

98,25 

U-ii 

^1 

38 

99  35 

S05 

9904 

9.77 

9S.67 

1147 

98.24 

13.17 

^1 

4Q     . 

9934 

8,ri 

9903 

9.83 

98.65 

»'51 

98.22 

13.2a 

H 

1    *' 

99-33 

8.17 

99.01 

9.S8 

9S.64 

n.59 

98.20 

13.28 

■ 

44 

99.32 

S,2  3 

9900 

9.94 

98.63 

ti.64 

98,19 

»3^33 

^1 

46 

993^ 

8,28 

98.99 

10.00 

98.61 

1170  1 

9S.17 

1339 

^1 

4 

99-30 

8-34 

98,9s 

10.05 

98.60 

1 176  1 

98.16 

»345 

^1 

50 

99-29 

8.40 

98.97 

10.11 

98.58 

ii^i 

9S.14 

13.50 

^^1 

S-' 

99.28 

8.45 

98,96 

10,17 

98.57 

1 1. 87 

98**3 

13.56 

^^H 

S4 

99.^7 

8.51 

98,94 

ro,22 

98,56 

n.93 

98,  ri 

13,61 

^H 

56 

99.26 

8,57 

9893 

10.28 

98.54 

11.9S 

9S.10 

1367 

^1 

5S 

99.25 

aej 

98,92 

to.>t 

98^53 

124D4 

98,08 

'3  73 

^1 

6o 

99.24 

8^ 

98,91 

IOw|0 

9S.51 

12. 10 

98.06 

'378 

m 

0.75 

ojo6 

0-7S 

ao7 

0.75 

04)8 

074 

0.10 

IjOO 

0.08 
1     aio 

0,99 

1,24 
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0.1 1 
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0.11 

0.99 

0.13 

1.34 
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1,24 
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MlnntiM. 

Hor. 
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Dtfl; 

Hi>r. 

Diir. 

Hor. 

^ 

Diu. 

Ekv. 

Dist. 

£kv. 

DuL 

Ekv, 

Dist. 

Ekv. 

o     .     . 

98.06 

13.78 

97.55 

»5.4S 

96.98 

17,10 

96^36 

18,73 

2 

98.05 

13.84 

97-53 

15.51 

96.96 

17.16 

96.  J4 

18.78 

4 

98  03 

1389 

97-52 

»S-56 

96^94 

17.21 

96.32 

T8.84 

6 

98.01 

J  3-95 

97-50 

15.62 

96,92 

17,36 

96.29 

18^ 

8 

98,00 

M^or 

:  97*48 

>5*67 

96.90 

17.32 

96127 

18-95 

lO 

979S 

1406 

,   97*46 

1573 

96^ 

17-37 

96.25 

19.00, 

12 

97-97 

14.13 

97*44 

1578  1 

96.86 

1743 

96.23 

19.05 

H 

97.95 

M-<7 

9743 

15,84 

96.S4 

17.48 

96.21 

19,11 

i6 

97-93 

14-33 

97  4* 

15,89 

96^2 

17.54 

96.18 

19.16 

i8 

1   97-92 

J4-38 

9739 

«5.95 

96A3 

«7.59 

96.16 

19^21 

20 

1   97-90 

M-34 

97*37 

16430  1 

96.78 

17.65 

96.14 

19.27 

22 

,    97-88 

14.40 

97*35 

16.06 

96.76  1 

17.70 

96.12 

>9.3* 

U 

97.S7 

14.45 

97*33 

16.11 

9674 

17.76 

96X)9 

19.38 

26 

97^5 

1451 

97*3' 

16.17 

96.72 

17.81 

96.07 

1943 

38 

97.8J 

1456 

97.29 

16,22 

96.70 

17.86  ' 

96.05 

1948 

JO 

97.82 

14.62 

97.28 

16.28 

96.68 

17.9a  1 

96  03  1 

'9^54 

32 

97-80 

14.67 

97.26 

«6.33 

96.66 

17*97 

96.00 

19.59 

34 

1    97.78 

1473 

97.24 

16,39 

96.64 

18,03 

95^98 

19.64 

36 

9776 

14.79 

97.22 

1644 

96.62  , 

18.0S 

95.96 

19.70 

!    38 

1   97.75 

14.84 

97^20 

16.50 

96.60 

1S.14 

*  95  93 

»975 

40 

97-73 

14.90 

97*18 

16.55 

96.57 

18.19  1 

95-91 

19^ 

42 

97-71 

14.95 

97*16 

16.61 

96^55 

18.24 

95*89 

19.86 

44 

97.69 

15.01 

j   97.14 

16.66 

96.53 

18.30 

95^ 

19.91 

46 

97.6S 

15.06 

97.12 

r6.72 

96.5* 

«8J5 

95-84 

19,96 

48 

97  66 

15J- 

97-10 

i6v77 

96w49 

1841 

95^2 

20j02 

50 

9764 

15.17 

97^ 

16,83 

96.47 

{8.46 

9579 

204>7 

52 

97-62 

nn 

97*06 

16.8S 

96*45 

18.51 

9577 

2aii 

54 

97.61 

15.^8 

97v04 

16,94 

96.42 

18.57 

95-75 

2ai8 

56 

97-59 

is-34 

97.02 

16.99 

96^ 

18.62 

95.72 

2a23 

58 

97.57 

15.40 

97,00 

17.05 

96.3S 

18.68 

95-70 

^0.28 

60    ,    . 

(T  =  1.00 
C=l.25 

97^55 

'S-45 

96.9S 

17.10 

96.36 

1873 

95.68 

20,34 

074  , 

0.11 

0.74 
0.99 

0.74 

ai4 

0.73 

0,15 

099 

0.15 

ai6 

CM?8 

aiS 

agS 

0.20 

»**3 

o.tS 

^n 

&2f 

1,23 

0.23 

1.22 

aj$ 

i 

ft 

i 

1 
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Table  IX* 

H 

HomZOITTAL   DtSTANCSS  AND   ElSVATIONS  FROM  STADIA   READINGS. 

■ 

i; 

>© 

130 

14» 

I5«» 

^^^^1 

MlnntM. 

^^^1 

Har. 

Dift 

Hor. 

Diir. 

Hor. 

Diff. 

Hor. 

Diir. 

^^^ 

Di*t 

EJev. 

DiM, 

Ekv. 

Di*t, 

Efcv. 

Dirt, 

Etev, 

1 

fi    .     « 

95-68 

30-34 

94  94 

21.92 

9415 

23-47 

93-30 

25JOO 

95-65 

20^39 

949' 

21.97 

94.12 

23.52 

93-27 

25*05 

^H 

95-63 

2044 

94^89 

32.02 

94.09 

23-58 

93.24 

25,10 

^H 

95/11 

20.50 

94^ 

22.0S 

94.07 

2363 

9321 

25.15 

^H 

9558 

20-55 

94-84 

22,13 

9404 

23.68 

93.18 

25.20 

^H 

10 

9556 

20.60 

94^1 

22.i8 

94.01 

23-73 

93-16 

25.25 

^1 

1]     . 

9555 

2066 

9479 

22.23 

9398 

23-78 

93-' 3 

25.30 

^1 

14    < 

95.51 

20.71 

94.76 

22.28 

93-95  1 

n^^ 

93-^0 

25-35 

^H 

t6    . 

95-19 

20.76 

94-73 

22.34 

9393 

23S8 

9307 

25.40 

^H 

18 

9546 

20.81 

947» 

22.39 

93'90 

^3-93 

93,04 

25.45 

^H 

ao    . 

95-44 

20.87 

94.68 

22.44 

9387 

23*99 

93-01 

25.50 

^1 

«2 

95-»i 

20.92 

94.66 

22.49 

9384 

24.04 

92.98 

25-55 

^1 

1       M 

95%39 

20.97 

9463 

22.54 

9381 

24,09 

92.95 

25.60 

^H 

i        ^      " 

95-36 

2t.03 

94.60 

22.60 

9379 

24.14 

92.92 

25.65 

^H 

1      "* 

9534 

21. oS 

94.58 

^..6s 

9376 

24.19 

92J^ 

25.70 

^H 

"^ 

95-32  1 

21. 13 

9455 

2270 

93-73 

24.24 

92.86 

I     2575 

^1 

32     . 

95.29 

21. iS 

94-5' 

22.75 

9370 

24.29 

92.83 

1       2SJ0 

^1 

^       ^     ' 

95.27 

21.24 

94.50 

22.80 

93-^7 

24.34 

92.80 

2535 

^H 

1               ^ 

95^24 

21.29 

94.47 

22.85 

93-65 

24.39 

92.77 

25.90 

^H 

L  ^ 

95.23 

21.34 

94.44 

22.91 

93.62 

24.44 

9274 

25.95 

^H 

■  ^ 

95.19 

2»-39 

94.42 

22.96 

93-59 

24.49 

9271 

2600 

^1 

P'  -^ 

1    95- »7 

21.45 

94.39 

23.01 

9356 

2455 

92,68 

2605 

^1 

1  "^^ 

95-M 

21.50 

9436 

23,(36 

93-53 

24.60 

92.65 

26.10 

^H 

<«6 

95.12 

21.55 

94-34 

2^1^ 

93.50 

24.65 

92.62 

26.15 

^H 

l_       ^ 

95-*>9 

21.60 

94  31 

23.16 

93-47 

2470 

92.59 

26.20 

^H 

■  1     "^ 

95-<>7 

2t.66 

94.28 

25.22 

93-45 

2475 

92.56 

26.25 

^^^H 

n  »- 

95<M 

21.71 

9426 

23-27 

93-42 

24ik> 

92.53 

2630 

^1 

1  * 

95.02 

21.76 

94.23 

23.32 

93-39  i 

24^5 

92.49 

26.3s 

^H 

56 

9i^99 

2t.8t 

94.20 

23.37 

9336 

24.90 

9246 

26.40 

^^^1 

58        • 

9<-97 

21^7 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

^H 

\                 ■ 

94.94 

21.92 

94.15 

23.47 

93-30 

25.00 

92.40 

26.50 

Hi  ^^^^^ 

0.73 

0.16 

0.73 

0.17 

073 

0.19 

0.7a 

O.30 

^™l       #=1.00 

0.98 

0.22 

0.97 

0.23 

0*97 

0.25 

0.96 

0.27 

L\" 

LIS 

1.22 

0.27 

I.2t    ' 

0.29 

I.2J    ' 

0.31 

1.30 

0.34 

1 

■ 

J 
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^^^                                            Table  IX. 

Horizontal  Distances  and 

Elevations  from  Stadu  Reabings. 

Bff1iint««l. 

1€V^ 

170 

ISO 

!»«> 

Hot. 

DiC 

Hof. 

DiiT. 

Hot, 

tm. 

Her. 

Diff. 

DtiL 

Ekv. 

DiML 

£kv. 

Dist. 

Elev. 

Dilt. 

£Iev, 

1 

1 

0     .     . 

92.40 

26.50 

91.45 

27*96 

90.45 

29^39 

89.40 

3O.7& 

2      . 

9^37 

26.55 

91.42 

28.0  r  ; 

90.42 

2944 

89.36 

30^3 

4    ' 

9^  34 

26.59 

9' 39 

28.06 

90.38 

2948 

89.33 

30^7 

6 

9^-3' 

26.64 

9' 35 

2S.10 

90.35 

29^53 

89.29 

P-92 

S    . 

9:^.28 

26.69 

91.32 

28.15 

903* 

29.58 

S9.26 

30-97 

1    '^ 

92.25 

2674 

91.29 

28.20 

90.28 

29.62 

89.21 

31-01 

12 

92.22 

2679 

91.26 

28.25 

90.24 

29.67 

S9.18 

31^ 

14    * 

92.19 

26.84 

91.22 

28.  JO 

9a2i 

29.72 

89.15 

31-10 

16 

92.15 

26.S9 

91,  r9 

28.34 

90.18 

29.76 

89.11 

31.15 

iS 

92.12 

,26.94 

9[.i6 

28.39 

90-14 

29.81 

89^  1 

31.19 

ao 

92^ 

2^99 

91.12 

28.44 

9aii 

29.86 

89^ 

31.24 

22 

92.06 

27.04 

91.09 

2S.49 

90.07 

29,90 

89.00 

31.28 

24 

92.03 

27-09 

91.06 

28.54 

90.04 

29^5 

88.96 

3».3J 

26 

92.00 

27.13 

91.02 

28.5S 

90.no 

jaoo 

88.93 

3»3S 

28 

91.97 

27.  iS 

90.99 

28,63 

89.97 

30^ 

88.89 

3M3 

30 

9"  93 

27-23 

90.96 

2S.68 

89*93 

30x9 

88w86 

3M7 1  1      , 

!    3- 

91.90 

27.28 

90.92 

2S73 

89.90 

30.14 

88.82 

V9 

34 

91.87 

27-33 

90.89 

28.77 

89.86 

30-'9 

8878 

3»'56 

36 

91.84 

27.3S 

90.86 

Z%^2 

89^3 

30.23 

.  88.75 

31 '60 

38 

91. 8 1 

27-43 

90.82 

28.87 

8979 

30.28 

S8.71 

3r.65 

40    .     . 

9»77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

3«69 

42 

91.74 

27-52 

9076 

2S.96 

89-72 

30.37 

88.64 

3»:^ 

44     .     * 

91.71 

27-57 

9072 

29.01 

89.69 

30.4 1 

88.60 

3»T^  1 

46 

.    . 

9f.6S 

27.62 

90.69 

29.06 

89.65 

3046 

88.56 

3*^5  1 

48 

.    . 

91.65 

27.67 

90.66 

29.11 

8961 

30-51 

88.53 

ySa  1 

SO 

•     - 

9T-61 

27.71 

90.62 

29.  J  5 

89.58 

30.55 

8849 

319^1 

52 

.     ♦ 

91.58 

2777 

90.59 

29.20 

89.54 

30v6o 

8845 

31*9^  i 

54 

.     . 

9155 

27.81 

90-55 

29,25 

89.51 

30.65 

8841 

32X>I    1 

56 

.     . 

91.52 

27.86 

90-52 

29,30 

8947 

30.69 

S8.38 

32.05  I 

58 

.     . 

91.48 

27,91 

90.48 

29^34 

8944 

30.74 

88.34 

32^ 

60    .     . 

r  =  1,00 
r  =  i.25 

9»4S 

27.96 

90.45 

29.39 

89.40 

30.78 

88.30 

32-»^ 

0.72 

0,21 

072 

0.23 

0.71 

0.24 

0.71 

0.^ 

5 

0,86 

0.28 

0.9s 

0.30 

095 

0.3a 

0.94 

(x3. 

5 

1*20 

03s 

1.19 

a.38 

1.19 

040 

t.tS 

0^ 

« 

,^^ 

._ 

1 
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Table  IX, 

^fl 

Horizontal  Distat^cks  and  Elevations  from  Stadia  Readings. 

^H 

200 

210 

32° 

230 

1 

^ 

Hinoftv. 

^^H 

Hor. 

DifT, 

H<vr, 

Diet 

Hot. 

DiC 

Hor. 

Diir, 

^H 

Diif. 

Ekv. 

Dial. 

£kT. 

DiftU 

Elev. 

Difl. 

EkT. 

1 

o    .    , 

88-30 

32.14 

87,16 

3346 

85.97 

34*73 

S4.73 

35-97 

2      . 

SS.26 

l^'^^ 

87.12 

13' so 

85.93 

3477 

84.69 

36.01 

^1 

1       ^     * 

88.2J 

32-^3 

87.08 

3354 

85.89 

34.82 

84.65 

36.05 

^1 

6     • 

88.19 

32-27 

87.04 

33-59 

85.85 

54.86 

84.6 1 

36.09 

^1 

'      8    . 

88.15 

3232 

87.00 

3363 

85-80 

34.90 

84.57 

36.13 

^1 

to 

88.11 

32'3<3 

86.96 

3>^ 

8576 

34>94 

84.5^ 

36.17 

H 

■    *^ 

88.08 

32.41 

S6.92 

33-72 

8572 

34.98 

8448 

36.21 

H 

I  14    . 

88.04 

3245 

86.88 

33-76 

S5.68 

35.02 

84,44 

36.25 

^1 

1.6 

$8.00 

3249 

86.84 

3380 

H5.64 

3S'07 

84.40 

36.29 

^1 

lis 

87.96 

32.54 

8a«o 

33^84 

S5.60 

35-*  1 

84.35 

36  I? 

^1 

7" 

^7.93 

32-58 

8677 

3389 

85-56 

35. '5 

84.31 

36.37 

H 

/^^ 

87.89' 

32.63 

86.73 

33-93 

85.52 

35*19 

84.27 

1641 

H 

/  ^^ 

87.85 

32,67 

86X»9 

33-97 

S5.4S 

3523 

84-23 

36.45 

^1 

36 

87.81 

32.72 

86.65 

3401 

85.44 

3S'27 

84.18 

36.49 

^1 

'        2S 

8777 

32.76 

86.61 

34,06 

8540 

35  31 

84.14 

3653 

^1 

30 

87.74 

32.80 

86.57 

34.JO 

85.36 

35.36 

84-10 

36^57 

■ 

3* 

8770 

32.S5 

86.53 

34 '4 

85.31 

3S40 

84.06 

T6.61 

H 

34 

87.66 

32.S9 

86.49 

34.  r8 

85.27 

35-14 

S4.01 

36.65 

^1 

36 

87.63 

3293 

8645 

34*23 

85.23 

35.48 

83-97 

36.69 

^1 

,     # 

87.5S 

32.98 

8641 

3427 

S519 

35-52 

8393 

36.73 

^1 

K40 

87.54 

33-02 

86.37 

343' 

85.15 

35-56 

83.89 

3677 

H 

r^' 

B75i 

3307 

8^33 

3435 

85.11 

35-60 

83.84 

36.S0  1 

H 

r^ 

8747 

33-' t 

86.29 

3440 

85-07 

35-64 

83.80 

36.S4 

^1 

46 

8743 

33*^5 

S6.25 

34.44 

85,02 

35.68 

S3.76 

36.Sil 

^1 

48 

»739 

33-'o 

86.21 

34.48 

84.98 

35'72 

8372 

36.92 

^1 

50 

8735 

3>-M 

S6.17 

3452 

84.94 

3576 

83-67 

36.96 

H 

5« 

87-3 » 

33.2S 

S6.13 

34-57 

84.90 

35.80 

83.63 

37001 

H 

S4 

87.27 

3333 

86.09 

34*6t 

84.S6 

35-85 

8359 

37  04 

^1 

56 

87.24 

33-37 

86.05 

34.65 

84.82 

35-89 

83.54 

3708 

^1 

ss 

87.20 

3341 

86.01 

3469 

8477 

3593 

8^,50 

37*12 

^1 

6o 

87.16 

3346 

85.97 
0.70 

3473 

8473 

35-97 

83.46 

17*6 

1 

0.70 

0.26 

0.27 

0.69 

0.29 

069 

0,30 

0.40 

0.94 

0-35 

0.93 

0.37 

0-92 

0.38 

a92 

1.17 

0.44 

1.16 

0.46- 

115 

0.48 

f.15 

0.50 

^ 

_ 

3S6 


STADIA    TACHYMETRY. 


Table  IX, 

HOMEONTAL  DtSTAKCES  AND   ELEVATIONS  FJIOM  StADIA  READINGS* 


240 

250 

2«o 

27*> 

Bflniat«*, 

Hor. 

Dir. 

Hor. 

Diff. 

Hor. 

van. 

Hor. 

Did: 

Dbl 

Ekv, 

Disi 

Elev 

Dnt. 

Ekv 

Diit. 

Ekv. 

0     .     , 

8346 

37-16 

82.r4 

^^y^ 

8a78 

39-40 

79-39 

4045 

% 

83^1 

37.20 

82.09 

38.34 

8074 

39-44 

79^34 

1    4049 

4 

^yv 

3723 

82.05 

38.38 

8oi59 

39-*7 

79^30 

'    40.5^ 

6 

83- J3 

37.27 

82.0T 

33.41 

80.65 

39^5' 

79^25 

40-55 

8 

83.28 

37  3 » 

81.96 

33.45 

80.60 

39.54 

79.20 

40.59 

10 

8324 

3735 

81.92 

33-49 

80.55 

39.58 

79  IS 

40^63 

11 

83.20 

37  39 

81.87 

38.53 

80.51 

39^1 

79.11 

40,66 

14 

83.15 

3743 

81.83 

38.56 

80.46 

39-65 

79-06 

40^ 

I6    , 

83,11 

37-47 

81.78 

38.60 

8041 

39^69 

79^1 

4a73 

18    . 

83^7 

375» 

8t.74 

38.64 

80.37 

39.72 

78.96 

40.7<> 

3KI     . 

83.02 

37-54 

81.69 

38.67 

Sa32 

39.76 

78.92 

40.79  ' 

22     . 

81.98 

V'^ 

81.65 

337» 

86.28 

39.79 

7S.S7 

40J52 

»4     • 

82.93 

37.62 

8t.6o 

3375 

S0.23 

39.83 

78.82 

4086 

26 

82^ 

37.66 

81.56 

3878 

80.18 

39^ 

78.77 

40^ 

as    , 

82.85 

3770 

8t.si 

38.62 

8o.t4 

39.90 

78.73 

40.92 

30    ■ 

82,80 

3774 

81.47 

38-86 

80.09 

39.93 

78.68 

40.^ 

32     • 

8276 

3777 

8142 

38% 

80^ 

39-97 

78.63 

40^ 

34    . 

8272 

37-^1 

81.38 

3S.93 

8o4X} 

40.00 

78.58 

4I^« 

36    • 

82.67 

3785 

81.33 

3S.97 

79-95 

ioXH 

78.54 

4l.o£i 

38    . 

82.63 

37.89 

81.28 

39^ 

79.90 

40.07 

78-49 

41.0^ 

4=^     • 

82.58 

3793 

8t.24 

WH 

79^ 

40.  T  I 

7844 

4i.r^ 

4* 

8^.54 

3796 

Sr.ig 

39,0s 

7981 

40.14 

78.39 

41.1^' 

44 

82^49 

38.00 

St. 15 

39.rr 

7976 

40.  t8 

78.34 

4l«^ 

4^ 

82.45 

38^04 

81.10 

3915 

7972 

40.2 1 

78.30 

4i.2r 

4^      . 

8mi 

38.08 

8r.o6  1 

39.  uS 

79.67 

40.24 

78.25 

4146- 

5^ 

8536 

38.11 

81,01 

39." 

79.62 

40.28 

78.20 

41.29 

52 

82.3^ 

38.i5 

80.97 

39.26 

79.58 

4OV3X 

78.15  1 

4131 

54    • 

82.27 

38.19 

80.92 

39.29 

79.53 

40.35 

78.10  1 

41-35 

56    . 

82.23 

38.23 

80,87 

39.33 

79^43 

40.38 

78.06 

41.39 

58    • 

82.18 

38.26 

80.83 

39.36 

79.44 

4a42 

78.01 

4143  1 

60    . 
f  =0 

75 
00 

82.(4 

38.30 

80.7S 

39*40 

79.39 

4045 

77.96 

4M5l 

068 

031 

0.68 

0.32 

0.67 

0^33 

0.45 

a66 

" 
0.35 

0.91 

0.41 

a9o 

043 

0% 

0J9 

046 

f  =1 

■*S 

f.14 

0.52 

t.13 

054 

1. 12 

0.56 

r.it 

o.j8 

\ 
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Hp                               Table  IX, 

^1 

■^     HOAIZOXTAJ.   DlSTANCXS  AND    ELEVATIONS   t'ltOM  StADU   READINGS. 

«««» 

29*> 

3CM* 

lilRflt4«. 

Hof. 

Dfff 

Hor. 

i>iir. 

Hot. 

Di/r. 

DiiL 

Ele*, 

Diu. 

Elev. 

Out, 

Eie*. 

O    .    . 

7796 

4M5 

7650 

4240 

75.00 

43-30 

2 

77  9' 

414S 

7645 

4243 

74-95 

43-33 

4 

77.86 

4t.S^ 

7640 

4246 

74-90 

43-36 

6 

77.Sr 

41.55 

76.35 

42.49 

74.85 

43-39 

^ 

8 

111' 

41.5'* 

76.30 

42.53 

74^ 

43-42 

^^H 

\\l 

711'- 

4r.6t 

76.25 

42.56 

74.75 

4345 

^W 

77.67 

4r.65 

76.20 

4^59 

74.70 

43-47 

I 

^     14 

77.62 

41.68 

76.15 

42.62 

74.65 

43-50 

H 

16 

77  57 

4i.7i 

7610 

42.65 

74.60 

43-53 

H 

18    . 

77-5^ 

4«74 

76.05 

42.68 

74.55 

43.56 

I 

ao 

7748 

4«77 

76,00 

427' 

74-49 

43-59 

1 

*2 

77.45 

4f.8r 

75-95 

4274 

74.44 

43.62 

1 

1  ** 

7733 

41.84 

75-90 

4277 

74^39 

43-65 

■ 

1    ,6 

77  33 

41.87 

75-85 

42.80 

'      74-34 

4367 

H 

]    i& 

77.2S 

41.90 

75-80 

42*83 

74*29 

4J-70 

1 

V"^ 

77-23 

4t.93 

75-75 

42.86 

74-24 

4373 

■ 

1'' 

77.18 

41-97 

7570 

42.89 

74.19 

43-76 

1 

■  34  . 

77'»3 

42JX> 

75-65 

42-92 

74  M 

43-79 

1 

■  3^ 

7709 

42,03 

75.60 

42.95 

74-09 

43.82 

H 

■  ^ 

77.04 

42Xj6 

75-55     ' 

42.98 

74*04 

43-84 

H 

■  40 

76.99 

4:1-09 

75-5C> 

4J.OI 

73-99 

43-87 

■I 

4^ 

76.94 

42. 1 2 

75-45 

43-04 

73-93 

43.90 

I 

44     . 

76.8Q 

42^15 

7540 

43-07 

73-88 

43-93 

1 

46    . 

76,^4 

4-'9 

75-35 

43.10 

73.83 

43-95 

1 

48     . 

76.79 

42.2.- 

7530 

43- J  3 

7378 

43-9^* 

I 

?> 

76.74 

42.25 

7525 

43(6 

7373 

44.01 

■ 

S^ 

76.69 

42.2S 

75*20     ' 

43-'8 

73-68 

44.04 

I 

M 

76.64 

423' 

7515 

43-21 

73-63 

44-07 

H 

S6 

7659 

42*34 

75-»o 

43-24 

7358 

44.09 

fl 

58 

7655 

42^37 

75-05 

43*27 

73-52 

44.12 

1 

60    .    . 

•  =  0-7S 
i  =.  1.00 

7650 

4-MO 
a.36 

75-oa 

43-30 

73-47 

44.15 

qM 

0,65 

0'37 

0.65 

o.j8 

oM 

0.48 

0^7 

049 

0.86 

asi 

I.IO 

0.60 

1.05 

a62 

i^ 

064 

L 

•■ 

m 

$59 


STADIA    TACHYMETJiY. 


This  is  a  most  generally  useful  stadia  table  for  rods  readings 
loo  feet  to  the  foot  and  with  angles  up  to  30*.  The  values  of 
other  measures  than  those  given  in  the  table  are  obtained  by 
multiplying  the  quantities  under  the  proper  vertical  angle  by 
stadia  readings  in  hundreds  of  units.  The  quantity  repre- 
senting the  focal  distance  is  very  small  and  is  given  at  the 
bottom  of  each  page  for  focal  lengths  between  }  and  \\  feet 
and  is  represented  as  a  constant  equal  to  c^  which  corresponds 
with  the  second  term  in  the  right  side  of  equations  (6)  and  (7) 
(Art.  104).  The  direct  use  of  the  table  involves  a  multiplica- 
tion for  each  result  obtained. 

Example:  Let  rod  intercept  be  3.25  feet,  and  the  angle: 
of  inclination  be  $**  35'.     Then  the  distance  on  the  horizontaL 
would  be 

rf=:  325  feet. 

If  we   accept   the  focal  distance  ^-|- r  as  1,25   feet,  wc 
have  from  the  tables  and  by  substituting  in   formulas  (lO^ 

and  (i  1} 


and 


d'  =  3,25  ft.  X  99  OS  +  1*24  =  313. IS  ft*, 
//=  3,25  ft,  X     9-<58  +  0.11  =  31.57  ft. 


108.    Determining   Elevations   by   Stadia. — Table    X^^ 

computed    by    Prof.    R.    S,    Woodward,   is  one  of   the  mosd^ 
convenient    for    determining    differences    of    elevation    fron*^ 

measures  made  with  sladia. 

This  table  is  computed  from  the  fornmla 

h  •=.  d  s\\\  a  zosin  tt  \         .      .      .      *      (12) 

in  which  ^/  is  the  observed  distance  of  the  rod»  a  is  the  angli^^ 
of  elevation  or  depression^  and  h  is  the  difference  of  eleva- 


tion*     To  use  the  table,  look  for  the  observed 

upper  line 


first  column,  and  the  distance  in  the 


angle  in  th^^ 
under  **/?**^ 
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the  differences  of  elevation  will  be  found  at  the  intersection 
of  the  two  columns. 

Example:  Assuming  the  observed  distance  read  directly 
from  the  stadia-rod  as  360  feet  and  the  angle  2®  40',  we 
have  from  the  table  directly  the  result 

h  ~  16.7  feet. 

109,  Diagram  for  Reducing  Stadia  Measures. — Stadia 
measures  may  be  reduced  by  a  diagram  more  simply,  though 
not  with  the  same  degree  of  accuracy,  as  by  tables.  The 
bllowing  diagram  (Fig*  7S),  from  Ira  O.  Baker's  **  Engineer's 


5    18    S    ,1    S    I    X    i    * 

Fio.  78. — Stadia  Reduction  Diagram. 

Purveying  Instruments/'  gives  directly  the  corrections  to 
'horizontal  distances  in  the  upper  horizontal  line  corresponding 
^o  the  observed  distances  on  the  left-hand  vertical  line,  and 
^*^e  angles  indicated  by  diagonal  intersecting  lines.  The 
^*ght-hand  vertical  column  of  figures  are  differences  of  eleva- 
tion.    These   are   found   by  the  intersection   of  tlie  iinc?  of 
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DIFFERENCES  OF   ELEVAtTi 
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horizontal  distances  indicated  in  the  lower  margin,  with  tlid 
diagonal  lines  corresponding  to  angles  of  elevation.  ^^ 

Example:  Let  rod  intercept  be  3.60  feet,  and  the  anpP 
2°  40';  then  it  will  be  seen  that  the  correction  to  the  hori- 
zontal distance  is  too  small  to  note  on  the  diagram.  The 
difference  of  elevation  comes  from  the  intersection  of  a 
vertical  line  between  300  and  400,  and  the  right  diagonal 
between  2*^  and  3'',  and  is  approximately  16  to  18  feet* 

iio.  Diagram  for  Reducing  Inclined  Stadia  Distances 
to  Horizontal, — The  following  diagram  (Fig.  79),  prepared 
by  Frof.  Ira  O.  Baker,  gives  with  some  accuracy  the  correc- 
tion to  the  horizontal  distance  corresponding  with  any 
observed  angle  of  inclination  in  the  stadia-rod.  The  observed 
distance  is  indicated  on  the  lower  and  right-hand  marginal 
lines,  the  angle  of  inclination  by  the  intersecting  diagonal 
lines,  and  the  correction  to  the  horizontal  distance,  always 
minus,  is  given  on  the  upper  and  left-hand  marginal  lines. 

Another  though  more  complicated  diagram  for  the  same 
purpose  is  that  illustrated  in  Fig.  80,  designed  by  Mr.  E, 
McCulloch  and  published  in  Enginvering  News,  This  diagram 
has  a  wide  range  and  is  well  suited  to  the  most  detailed 
work.  On  the  lower  and  left-hand  outer  margins  arc  figured 
stadia  readings  in  feet  or  meters,  decimals  of  the  same  being 
interpolated  on  the  inner  margin  on  all  four  sides,  where  the 
angles  of  inclination  are  also  indicated.  Corrections  to 
observed  distances  are  found  at  the  intersections  of  the  ver* 
tical  rod  readings  with  the  horizontal  angle  lines,  or  vice 
vfrsijf  the  horizontal  rod  lines  wnth  the  vertical  angle  lines/ 
and  by  following  out  to  the  margins  the  diagonals  at  which 
these  intersections  occur;  opposite  the  ends  of  the  diagonals 
will  be  found  the  corrections  in  feet  to  the  distances  observed, 
such  corrections  being  on  all  four  outer  margins. 

This  correction  is  always  to  be  subtracted  from  the  dis- 
tance and  is  applied  in  the  following  manner:  If  the  angle 
appears  on  the  left  margin,  multiply  the  correction  by  0.01 ; 
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if  on  the  top  margin,  multiply  the  correction  by  o.  i;  if  on 

the  hnttoni  margin,  oiultiply  the  correction  by  i.o;  and  if  on 
the  right-hanci  margin,  multiply  the  correction  by  lO. 


Flo.  80. — Diagram  kor  Reducing  Inclined  Stadia  Distances  to  Hori- 

ZONTAL, 


III.  Effects  of  Refraction  on  Stadia  Measurements.— 
Experiments  by  Mr.  J.  L.  Van  Ormim  in  his  stadia- work 
showed  that  the  disturbing  effect  of  refraction  increased 
enormously  toward  the  ground^  even  if  the  foot  of  the  rod 
were  unobstructed.  When  no  error  in  observation  is  made 
and    the   refraction   remains  constant   from   the  time   of  the 
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//'  =  //+  i(A  +  vt  +  «  -  A'), 


(13) 


foresight  to   the  time  of  the  backsight,  the  elevation  of  any 
point  can  be  computed  by  the  formula 

[    in  which  //=  elevation  of  known  station; 

^^L  //  =  height  of  instrument  at  that  station; 

^^^^_  m  =  total  vertical  component  of  the  foresight; 

^^^^B  //'  =  elevation  of  the  unknown  station ; 

^^^^B  //'  =  height    of    the    instrument    at     the     unknown 

^^^^H  station;  and 

^^^^H  n  —  the  total  vertical  component  of  the  backsiglit. 

^^^^Thc  average  error  of  closing  in  Mr.  Van  Ornum*s  work 
before  the  adoption  of  this  formula  was  more  than  half 
greater  than  after  its  use. 

The  effect  of  differential  refraction  on  the  determination 
^npf  stadia  distances  is  well  set  forth  in  a  paper  on  stadia 
PHtieasurements  by  Mr.  Leonard  S.  Smith  of  the  University 
[  of  Wisconsin.  In  these  experiments  Mr.  Smith  ascertained 
^Bhat  refraction  is  a  variable  quantity,  dependent  on  variable 
^temperature  of  air  and  ground,  and  that  it  is  much  greater 
I  near  the  ground  than  3  feet  above  it;  also  greater  at  noon 
than  before  or  after  it;  that  the  effects  vary  for  different  dis- 
tances and  also  for  different  observers.  He  called  differential 
T-f/raction  that  due  to  the  different  amount  of  refraction  on 
the  line  of  sight  of  the  upper  stadia-hair  and  that  on  the 
lower  stadia-hair.  He  further  found  that  the  effects  of 
refraction  accumulated  as  distance  increased.  Twelve  miles 
^^oi  stadia  measurements  with  centers  averaging  600  feet*  in 
^Hhe  morning  and  evening  hours,  showed  an  accuracy  of  plus 
^^1  in  2685.  The  same  distances  measured  by  centers  at 
midday  showed  an  accuracy  of  minus  i  in  655.  Again,  30 
I  miles  of  measurements  made  in  the  morning  and  evening 
^^liours   with   centers    between    one    and    two    thousand    feet 
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showed  an  accumulated  error  of  but  I  in  1741^  while  the 
same  distance,  in  midday,  developed  an  accumulative  error 
of  I  in  289. 

The  practical  results  of  these  experiments  may  be  taken 
chiefly  as  suggestions,  and  the  most  interesting  deductions  to 
be  obtained  therefrom  are: 

K  To  obtain  accuracy  in  stadia-work  it  is  best  to  obtain 
an  interval  error  of  the  rod  for  the  effect  of  refraction  at 
different  hours  of  the  day;  and 

2*  This  correction  for  refraction  may  be  made  to  readings 
for  the  hours  corresponding  to  the  refraction  ascertained,  or 
the  stadia-rod  may  be  graduated  in  proportion  to  the  dis- 
tances of  the  various  intercepts  above  the  ground;  this  latter 
method  is  not  recommended  for  its  simplicity,  however. 

It  is  evident  that  at  midday  long  readings  which  require 
the  lower  stadia-wire  to  be  lower  than  3  feet  from  the  bottom 
of  the  rod  should  not  be  taken.  Where  a  rod  interval  is 
determined  for  correction  of  refraction,  that  interval  which  is 
determined  for  summer  months  or  midday  should  not  be  used 
in  colder  months  or  winter,  without  testing  by  an  independ- 
ent interval*  Moreover,  such  interval  should  not  be  deter- 
mined for  ordinary  soil  when  the  work  is  to  be  conducted 
over  curbstones,  in  cities. 

To  sum  Mr,  Smith's  results  it  may  be  stated  that  the 
time  of  greatest  atmospheric  vibration  is  about  the  middle  of 
the  forenoon,  when  the  maximum  difference  in  temperature 
occurs  between  atmosphere  and  ground;  the  stadia  interval 
should  be  determined,  not  at  any  particular  time  of  day,  but 
at  many  hours  during  the  day;  and  such  interval  for  the 
hours  should  be  selected  as  will  approximate  as  closely  as 
possible  the  average  field  conditions.  Perhaps  one  of  tb#  • 
simplest  ways  of  applying  the  interval  is  not  by  dividing  the 
rod  unequally  by  incorporating  the  interval  in  the  rod 
divisions,  but  by  using  a  rod  divided  to  standard  lengths  and 
computing  distances  by  means  of  an  interval  factor. 
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112.  Stadia-rods. — Several  methods  of  dividing  stadia- 
rods  for  \^ry  accurate  work  have  been  used»  such  as  making 
special  subdivisions  of  the  rod  to  correspond  with  distances 
subtended  between  fixed  hairs,  or  of  dividing  the  rod  irregu- 
larly so  as  to  incorporate  within  the  divisions  a  stadia  interval 
which  will  correct  the  effects  of  refraction.  The  most 
approved  practice  is,  however,  to  use  rods  of  standard  divi* 
sioH  and  to  prepare  tables,  or,  better  still,  a  rod  interval 
factor  to  be* applied  to  the  observed  distance  as  a  correction. 
The  following  are  some  of  the  disadvantages  of  using  other 

!than  standard  rods: 
I,   Subsequent  tests  for  interval  cannot  be  made  without 
the  expense  of  repainting  and  regraduating  the  rods; 
2.    Rods  specially  divided  cannot  be  interchanged  among 
instruments;   such  rods  cannot  be  used  in  leveling  without 
computing  the  necessary  correction; 
3,   Le\'eling-rods  cannot  be  used  \n  stadia-work ;  and 
4.   Observers  with  different  personal  equations  cannot  use 
time  same  rods  without  causing  systematic  errors  in  the  work. 
Stadia-rods  are  of  two  general  forms: 
r.   Target;  and 
2.  Self-reading. 
The   former  is  the  only  one  which  can  be  satisfactorily 
^  ^cd  in  taking  very  long  sights;  the  latter  is  most  satisfactorily 
*>ipIoyed    on   short  sights,       Target^rods  arc  similar   to    the 
*►  «npler  forms  of  leveling-rods,  as  tlie  Philadelphia  rod  (Fig; 
i).     Self-reading  or  speaking  rods  may  be  of  the  type  of  the 
^     liiladelphia  rod,  for  short  distances,  but  are  more  satisfac- 
^^?^K:>rily  made  of  flat  boards   10  to  15  feet  in  length,  4  inches 
^^^^^ide»  and  f  to  \  inch  thick,  of  well-seasoned   pine.     These 
^an  be  graduated  by  the  topographer  or  by  some  painter  after 
^^nc  of  the  numerous  patterns  which   have  been  found  satis- 
fy actory  under  various  circumstances.      Such  forms  of  gradua- 
tion are  better  than  the  ordinary  self-reading  leveling-rods, 
Iticcause  as  a  rule  divisions  on  the  latter  are  small  and  the 
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figures  small  and  they  are  therefore  difficult  to  read 
distances.  As  visibility  is  the  first  requisite  in  a  gooi 
rod»  the  graduations  should  consist  of  a  number  of  > 
so  large  and  yet  of  such  varying  shapes  as  to  ma] 
readily  distinguishable  at  long  distances^  the  pattei 
either  painted  or  stenciled  on  the  wood  or  else  on  c 
paper  which  may  be  fastened  to  the  rod  with  glu^ 
or  both.  ^1 

In    Fig.    8 1    are    shown    two  of    the    best   formi 


1^ 


6: 


\r\tm 
h 

Fig.  8i.— Speaking  Stadia  and  Level^hods, 


J 


graduation  for  long  sights.  Rod  (a)  is  well  adapti 
metric  or  foot  graduation,  but  in  its  use  care  must 
cised  to  accurately  count  the  units,  as  these  are  not  nu 
Rod  {b)  has  the  feet  only  numbered,  but  the  figure 
large  as  to  be  readily  legible  at  very  considerable  d 
The  forms  of  the  figures  on  rod  {c)  arc  such  as  tc 
define  the  tenths. 
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In  Fig.  97  are  shown  patterns  of  speaking  level-rods ^  and 
these  are  also  well  adapted  to  stadia-work  at  short  distances. 
All  are  suited  to  either  metric  or  foot  graduation.     Rod  {a) 
U  perhaps  best  suited  to  close,  detailed  work.     Rod  {b)  has 
the  clearest  figures  and  is  therefore  best  suited  to  longer  dis- 
tances.    Rod  if)  has  the  advantage  of  having  odd  and  even 
tenths  figured  on  opposite  sides  of  the  center  of  the  rod,  with 
the  order  changed  for  units  so  as  to  bring  their-  numberings 
nearer  the  rod  center;   moreover,  the  graduations  are  less 
iia.ble  to  injury  because  they  are  in  the  center  of  the  rod. 
J^or  rough  work  at  long  distances  a  pole  may  be  cut  and 
Hriiite  string  or  cloth  tied  around  it  at  every  foot  to  serve  as 
gr^'Siduation. 


CHAPTER    XIII. 
ANGULAR  TACHYMETRY. 

113.  Angular  Tachym^try  with  Transit  or  Theodolite. 

— ^The  angular  system  of  tachymetiy  has  the  advantages — 

1.  Of  enabling  the  sun-ey  to  be  made  by  the  ordinary 
transit  without  the  addition  of  stadia-wires; 

2.  That  there  are  no  divisions  of  the  rod  to  be  read;   and 

3.  That,  because  of  the  ease  and  simplicity  of  the  obser- 
vations, very  long  sights  can  be  taken  with  a  small  telescope 
with  great  accuracy. 

The  field'Uwrk  by  this  method  is  nearly  as  rapid  as  that 
by  any  other  form  of  tachymetry,  as  there  are  but  two  angles 
to  be  read,  as  against  one  angle  and  a  rod  reading  with  stadia 
method.  The  reduction  of  the  work  is  less  simple  and  more 
laborious  than  that  by  means  of  stadia  measurements.  That 
this  method  is  as  accurate  as  the  stadia  method  appears  from 
experiments  made  by  Messrs.  Aiiy  and  Middleton  in  England. 
The  former  used  a  five-inch  theodolite  and  an  ordinary  level- 
ing-rod  16  feet  in  length.  He  ran  a  circuit  i^  miles  \x\. 
length,  involving  differences  in  elevation  of  118  feet:  the 
average  length  of  stations  was  341  feet,  and  the  resulting 
probable  error  of  distance  was  3.64  feet  in  a  mile,  and  of 
leveling  0.033  ^^et.  The  average  closure  error  of  four  series 
of  measurements  was  2.84  feet.  According  to  Mr.  Middleton 
the  limit  of  accuracy  in  this  method  is  reached  when  the  rod 
is  held  at  a  distance  of   1000  feet,  as  determined   from  his 
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measurements,  and  the  average  error  in  one  mile  was  found  to 
be  6. 1 5  feet. 

The  accompanying  diagram  (Fig.  82)  illustrates  the  method 


Fig.  82. — ^Angular  Tachymetry, 

of  angular   tachymetry  with    a  transit   or   theodolite*     For 

simplicity  the  rod  should  be  unmarked  excepting  for  two  or 

three  broad  lines  painted  at  known  distances  apart,  one  near 

the  bottom,  one  near  the  top,  and  one  near  the  middle.    These 

ines,  if  properly  proportioned,  can  be  seen  at  distances  as 

freat  as  a  mile,  and  thus  permit  of  tachymetric  measurements 

p(  moderate  accuracy  for  that  distance. 

Let  S  and  S^  :=  distance   on    the   rod    between  two  well- 
defined  marks; 
A  and  A'  =  height   of    the    lower   marks    above    the 

ground  ; 
/Tand  //*  =  height  of  the  lower  marks  above  line  of 

coliimation  of  instrument; 
e  and   /  ^  height  of  ground  surface  at  foot  of  rod 
above  base  or  ground  surface  at  instru- 
ment ; 
I  s=  height     of    coliimation    of    instrument    above 
ground  surface ; 
a  and  a'  =  angle  at  instrument  between  horizon  and 

lower  mark : 
fi  and  /^'  =  angle  at  instrument  between  horizon  and 

upper  mark ; 
rf and  rf' =  horizontal  distance  from  instrument  to 
rods ; — then 


5  ^  ^(tan  fi  —  tan  a). 


(14) 


^ 
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Transposing,  we  have 

also 


tan  fi  —  tan  ^ ' 


(15) 


N  =ii  Un  in (i6) 

Substituting,  we  have 


B^ 


S  tan  at 


tan  p  —  Un  u 


(»7> 


It    IS  also   seen    from    an     inspection    of    the    figure    that 
approximately 

i^H-h^i (i8) 

From  these  the  height  of  the  ground  at  observed  stations 
can  be  reduced  to  sea-level  by  addition  of  the  height  of 
ground  at  instrument.  The  above  computations  arc  easily 
made  with  the  aid  of  a  table  of  natural  functions  (Tables  XI 
and  XII).  H zndll'  must  have  their  proper  signs,  and  will 
result  in  giving  the  difference  of  level  according  as  the  new 
stations  are  above  or  below  the  position  of  the  instrument. 
From  the  expression  dH  it  may  be  shown  that  a  small  angu- 
lar error  will  affect  the  horizontal  distance  by  nearly  the 
same  amount,  whether  the  ground  be  level  or  steep,  but  will 
affect  the  vertical  height  very  much  more  on  steep  than  on 
level  ground*  It  may  be  further  shown  that  it  is  necessary 
to  keep  d  tolerably  small  and  s  as  large  as  possible,  especially 
on  steep  ground, 

114.  Measuring  Distances  with  Gradienter. — The  gradi- 
enter  is  used  as  a  telemeter  in  measuring  horizontal  distances 
in  two  ways;  first,  by  measuring  the  space  on  the  rod  passed 
over  by  the  horizontal  cross-hair  for  a  given  number  of  revo* 
luttoos  of  the  gradienter  screw;  second,  by  noticing  the 
number  of  revolutions  of  the  screw  required  to  carry  the  hori- 
zontal cross-hair  over  a  fixed  space  on  the  rod.  Gradienter 
screws  are  so  made  that  a  single  revolution  may  carry  the 
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Table  XI. — natural  sines  and  cosines, 

(From  the  Smlthtnni&n  Tablet.) 
JIATUHAL   SINKS. 
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\\i  over  either  one  £oot  or  two  feet  on  tlie  stadia- rod  at  a 
itance  of  100  feet.     Trof.  Ira  O.  Baker  gives  the  following 

formula  for  measuring  the  distance  by  means  of  gradienter 

used  in  either  of  the  above  ways: 


D  ^  i(X>/, (19) 


^^  which  D  ^  horizontal  distance  in  feet  between  instrument 
'    and  rod.  and  1  =  intercept  on   the  rod  for  one  revolution   of 
the  gradienter  screw. 

This  fufiiia menial  equation  corresponds  closely  with  that 
for  the  stadia  and  applies  to  a  rod  held  perpendicular  to  the 
line  of  sight.  In  working  on  slopes,  however,  the  fod  will 
for  convenience  be  held  vertically,  when  the  line  of  sight  will 
he  inclined  to  the  rod,  and  the  formula  for  this  case  then 
omes 

D  =  i(roo  cos  a  —  sin  i^)*     .     ,     ,     •     (20) 

which  tr  is  the  angle  betw^een  the  lower  visual  ray  and  the 
orizontal.      The  above  gives  the  distance  directly  observed 
[on  the  lower  visual  ray,  and  from  it  we  derive 


i>  =  /(lOO  cos'  «  —  I  sin'  o[). 


(21) 


For  a  constant  intercept  on  the  rod,  the  formula  deduced 
Prof.  Baker  is 


n 


(22) 


in  which  S  is  the  distance  between  the  fixed  targets  and  w  = 
number  of  revolutions  required  to  move  the  line  of  sight  over 
constant  intercept  at  the  distance  />.  The  horizontal 
stance  then  becomes 


100  cos'  a 
a  ^= Sn 


(2  3) 
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115.  Wagoner-Fennel  Tachymcter. — By  means  o£  an  in- 
strument made  in  Germany  and  known  by  the  above  name, 
surveys  to  be  completed  on  large  scale  and  with  great 
detail  may  be  conducted  more  raptdly  than  with  ordinary 
transit  and  stadia.  There  2lX^  two  forms  of  \\{\%  instrument^ 
both  of  which  arc  so  arranged  that  the  horizontal  distance  and 
absolute  height  of  the  point  to  be  determined  are  read  direct 
from  the  instrument  after  the  simple  pointing  and  some  inter- 
mediate manipulation,  without  moving  the  telescope  or  mak- 
ing any  computations.  The  first  of  these  instruments  (Fij 
85)  corresponds  to  a  transit,  and  the  second  to  an  aiidad<i 
The  latter  called  a  tachygraphometer,  for  use  with  the  plane* 
tabic,  will  probably  be  of  service  on  large-scale  survey»^s  in  which 
the  elevations  of  numerous  points  are  to  be  determined. 
With  this  instrument  the  positions  and  elevations  of  the 
points  can  be  plotted  on  the  plane-table  in  the  field  with 
great  precision  and  facility  and  without  the  danger  of  omit- 
ting details  of  form.  Both  instruments  are  fully  described 
and  figured  in  Appendix  16,  Report  of  U,  S,  Coast  and  Geo- 
detic Survey  for  1891. 

1\vz  field  observations  with  this  class  of  instrument  consist  in 
determining,  firsti  the  distance  on  the  slope,  and  then  the  hori- 
zontal and  vertical  angle  without  taking  account  as  a  separate 
observation  of  the  space  subtended  on  the  rod  from  which 
the  inclined  distance  is  determined.  From  these  data  the 
azimuth  of  the  desired  point  is  determined,  then  the  reduced 
distance  and  relative  height  from  the  point  of  observation. 
These  operations  are  all  mechanical  and  graphical,  calling  for 
no  computations  whatever,  T\\q  manipulation  of  the  instru- 
ment is  simple  and,  with  practice,  rapid.  It  is  adjusted  to 
the  occupied  station,  and  the  height  of  the  latter  set  upon 
the  scale  of  heights.  The  determination  of  separate  points  is 
then  proceeded  with  in  the  following  order: 

The  rodman  sets  his  rod  at  the  desired  point;  the  instru- 
mentman  brings  the  middle  wire  upon  the  zero  point  of  the 
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rodp  reads  the  space  on  the  rod  intercepted  by  the  distance- 
wircsp  and  records  in  his  note-book  the  corresponding  inclined 


Fig,  83. — Wagnir-Fennel  Theodolite  Tacky  meter. 

distance.     These  he  sets  off  upon  the  rule  paraUel  to  the  h'ne 
ol  sight,  pressing  the   projection  angle  against  the  vernier  of 
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heights,  and   from  the  latter  reads  the  required  height,  and 
from  the  horirontai  rule  the  reduced  distance  of  the  observed 

.point.      Lastly*  the  horizontal  angle  is  read  with  the  tachym- 

,  cter  or  the  tachygeomctcr  and  plane-table.  The  first  por- 
tion of  the  operations  with  the  two  instruments  are  the  same, 
excepting  that  with  the  latter  the  horizontal  projection  of  the 
observed  point  is  pricked  upon  the  drawing*paper  in  its  cor- 

^rect  position  by  pressing  a  needle  suitably  arranged  against 
the  horizontal  scale  instead  of  recording  the  same  ir.  a  note- 
book. These  \*arious  operations  take  from  one  and  a  half  to 
two  minutes.  This  instrument  can  be  used  satisfactorily  for 
distances  of  a  thousand  feet,  making  the  central  base  of  the 
instrument  two  thousand  feel. 

116,  Range-finding. — Range-finders  are  instruments  which 
are  primarily  intended  for  military^  use  in  determining  tlie  dis* 
tances  or  ranges  of  objects  as  an  aid  to  directing  artillery  Grc^ 

IThere  are  many  forms  of  this  instrument,  some  of  which  are 
exceedingly  large  and  elaborate  and  arc  fixed  permanently 
as  those  employed  on  seacoasi  fortifications*     Of  the  smallc 
and  more  portable  forms  used  with  light  horse-batteries,  tha 
known  as  the    Weldon  range-finder,   from  its  inventor,  h 
given  the  most  satisfactory'  results  in  actual  practice. 

Range-finding  may  also  be  done  with  the  plane-table,  01 
the  same  scale  when  this  is  sufficiently  large ;   on  a  provision 
ally  large  scale  when  the  scale  of  the  map  is  small.    The  ligh 
plane-table  as  a  traverse  or  triangulation  instrument,  in  con 
nection  with  its  use  as  a  range-finder  for  distances,  and  witH 
a  vertical-angle  sight-alidade  for  elevations,  furnishes  a  moss 
satisfactor)'  tachymeter,  both   for  filling  in  details  on  larg 
scale  maps,  and  for  carr>'ing  on  rough  geographic  or  expio 
tor>*  surveys. 

The  range-finder  furnishes  a  satisLivrtor)-  rough  tclemeti 
method  of  obtaining  a  fairly  accurate  measure  of  inaccessibl 
distances.  Pacing  or  time-sketching  may  be  depended  upo 
where  the  sun^e^'or  may  travel,  but  over  rough  country  or  f< 
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deierminingthe  positions  of  points  on  cither  side  of  a  traversed 
route  the  range-finder  is  unequalled  except  by  intersection 
methods,  and  the  latter  can  only  be  employed  where  the  in- 
strument may  be  set  up  and  angles  taken  by  which  to  obtain 
intersections.  The  range-finder  is  most  useful  in  military 
sketching  and  in  route  surveying.  The  more  important  ad- 
vantages which  it  has  are  in  enabling  the  surveyor  to  fix  the 
position  of  a  number  of  points  which  lie  within  the  limits  of 
his  vision  from  one  point*  In  ordinary  surveying,  to  measure 
the  distance  of  an  object  5000  feet  or  more  away  with  any 
degree  of  accuracy  by  intersections  would  require  a  base  of 
at  least  2000  feet  in  length  or,  better  still,  according  to  theo* 
rclical  methods,  5000  feet  in  length ;  yet  with  the  range- 
finder  the  same  distance  can  be  measured  with  comparative 
accuracy  from  a  base  but  100  feet  in  length. 

Ii6a.  Estimalmg    Distances.  —  Commander    William    H, 
Beebler,  U.  S,  N„  adoptt-d    a    simple    method   for  estimating 
distances  by  getting  two  lines  of  sight  on  a  distant  object,  one 
with  the  right  and  the  other  with  the  lefi  eye.     The  observer 
extends  his  right  arm  with  the  forefinger  pointing  to  the  object, 
and  sights  with  his  right  eye  along  the  arm.     Then,  holding  the 
arm  and  finger  rigid,  he  closes  his  right  eye  and  sights  with  his 
left  eye   over  the  point  of  the  forefinger.     He  finds  that  the 
second  sighi-line  will  point  \o  the  right  of  the  distant  i>t)jcct  a 
distance  equal  to  one- tenth  of  the  distance  of  the  object  from 
the  observer.     The  lateral  distance  to  the  right  must  be  estim- 
ated; and  the  accuracy  of  the  estimate  depends  upon  practice 
in  observing  distant  objects  of  known  dimensions.    The  lateral 
error  is,  of  course,  magnified  ten  times  when  applied  to  the 
horizontal  distance  between  the  obsen^er  and  the  distant  object- 
As  men  are  not  uniform  in  size,  and  the  distance  between 
llic  eyes  is  not  always  the  same,  the  ratio  must  be  determined 
in  each  case.     But  the  proportion  of  10  to  i  should  be  retained 
nenti  even  if  the  point  of  intersection  for  the 
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left  eye  sight  has  to  be  prolonged  by  the  use  of  a  lead  pencil,  o^ 
other  object. 

In  principle  this  method  is  similar  to  the  old  topographer^^' 
manner  of  estimating  distances  by  the  use  of  string  and  a  grad  - 
uated  lead-jicndl.  In  this  latter  method  a  knotted  string  &- 
used  attached  to  »he  pencil  at  one  end,  an  J  the  knot  at  thc^ 
other  end  held  in  the  teeth.  In  this  case,  the  pencil — which  is- 
held  vertically  at  arm's  length,  has  been  previously  graduatecB. 
by  observing  familiar  objects  at  known  distances;  these  objeci 
being  a  man  on  foot  or  on  horseback,  the  ordinary  height  of  ti 
fence,  or  any  common  object  that  may  be  selected.  Th 
graduations  on  the  pe^icil  then  correspond  to  known  horizont 
distances*  To  use  this  method,  the  pencil  is  held  out  at  tl^ 
knowTi  distance  from  the  right  eye — as  fixed  by  the  knottc- 
string,  and  the  line  of  sight  to  the  top  of  the  distant  object  ru 
over  the  top  of  the  pencil,  hokling  the  arm  rigid,  the  thumb  5 
then  slipped  down  imtil  the  second  sight-line  strikes  the  foot  ^z: 
the  dbtant  object;  the  position  of  the  thumb  then  fixes  t^^n 
horizontal  distance.  The  difficulty  m  using  this  method  wi.  ^h 
any  assurance  of  accuracy  is  the  difficulty  of  always  finding  ^^m 
object  of  known  altitude  to  sight  at, 

117.  Surveying   with   Range-finder. — The    rangc-fiticK^er 
can  be  most  successfully  used   in   three  ways.      First,  in 
graphic  or  topographic  sur\xying.  while  occupying  a  pi 
table  or  triangulation  station  the  position  of  which  is  kno^ 
and  which  is  surrounded  by  a  few  locations.     The  remain^ 
of  the  country  can  be  sketched  by  locaiiuj^  with  tk£  ra\ 
finder   numerous    minor   points   which   will   so   control   t! 
sketching  as  to  permit  of  a  greater  amount  being  done  f 
one  station  than  couJd  be  accomplished  by  other  meth 
Even  in  comparatively  detailed  topographic  work  the  rani 
finder  may  be  thus  used  in  place  of  the  stadia,  for  mith  t 
latter  rodmcn  would  have  to  be  sent  to  the  points  the 
tions  of  which  arc  to  be  determined,  while  with  the 
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it  is  but  necessary  to  obtain  a  definite  object  to  which 
to  sight* 

The  second  method  of  using  the  range-finder  is  in  traverse 
or  rauti  surveying,  where  the  positions  of  points  on  either 
side  of  the  route  can  be  determined  by  the  range-finder  more 
rapidly  than  by  setting  up  an  intersection  instrument,  and 
the  country'  thus  controlled  by  points  ranged  on  either  side 
can  be  rapidly  sketched  in. 

The  third  method  of  using  the  range-finder  is  by  employ- 
ing it  to  measure  disfames  along  the  route  traversed  when 
the  latter  is  especially  trn*gu!ar  or  winding.  Thus  the  trav- 
eled route  may  be  measured  by  ordinary  means  only  by 
going  over  the  ground  along  which  the  line  of  sight  is  taken  ; 
but  with  the  range-finder,  as  with  the  stadia  or  other  tele- 
metric  instrument,  though  the  road  twist  and  turn  and  wind 
about  in  a  ravine,  canyon,  or  over  tortuous  country,  it  is 
unnecessary  to  measure  the  route  traveled.  It  sufi^ces  to 
range-in  some  object  in  the  line  of  travel  and  plat  the  same, 
i  when  the  surveyor  may  pursue  any  route  he  chooses  to  reach 
^^  that  object  without  the  necessity  of  measuring  the  distance 
^^k  he  progresses,  the  same  having  already  been  obtained  by 
l^iBc  range-finder. 

The  extreme  adaptability  of  the  range-finder  may  be 
realized  when  it  is  known  that  a  base  can  be  accurately  meas* 
Ured  between  two  points  selected  as  convenient  stations  for 
its  use  without  taking  into  consideration  the  irregularities  of 
the  ground  between  them»  In  other  words,  it  is  not  neces- 
sary* to  directly  measure  by  pacing  or  taping  the  base  used 
with  the  range-finder,  but  it  is  perfectly  feasible  to  take  the 
platted  distance  between  two  inaccessible  points,  as  deter- 
TTiincd  by  a  good  range-finder,  from  a  third  point  whence  the 
^wo  in  question  arc  both  visible. 

llS.  Traversing  with  Range-Ander. — The  most  satis- 
factory method  of  using  the  range-finder  in  traversing  or  roulc- 
surviyingts  that  described  by  Capt,  \\i]  lough  by  Verncr,  R.K,, 
in  which  he  used  a  combination  of  range-finder,  compass,  and 
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Mw%  l4* — Reconnaissance  Sketch-map  with  Cavalry-board  and  Rai^ 
i,.w»».      After  Capt.  VVilloughby  Verner. 
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rscction  which  enabled  him  to  sketch  a  considerable  dis- 
!c  to  cither  side  of  the  route  traversed.  The  directions 
X  taken  with  a  cavalry  sketch-board  (Art,  64)  mounted  on 
pod,  and  distances  were  observed  with  the  range-finder, 
he  starting-point  (Fig.  84)  a  round  of  directions  were 
vpi  on  the  board,  and  the  ranges  of  a  number  of  the  more 
linent  objects  were  taken  with  the  range-finder  and  their 
ions  marked  on  the  sketch.      He  then  rode  rapidly  to 

ground  3175  yards  distant,  the  direction  and  range  of 
I  had  been  plotted  from  the  first  point.  Arrived  there, 
iTst  thing  was  to  find  a  conspicuous  point  in  the  direction 

traveled,  which  was  again  ranged  in  and  plotted  on  the 
i,  its  distance  being  1980  yards. 

^e  board  being  mounted  on  a  tripod  and  oriented  by  the 
le,  intersections  were  taken  on  a  number  of  points  pre- 
Jy  indicated  by  direction  hnes,  while  new  direction  lines 

plotted  to  various  objects,  a  few  of  which  were  again 
pd-in,  and  this  process  was  continued.  Its  chief  advan- 
I  were  that  the  surveyor  was  able  to  ride  rapidly  over  the 
tid,  along  the  most  accessible  route,  from  one  point  to 
ler,  and  to  locate  a  number  of  points  in  every  direction, 

by  intersection,  others  by  ranging.  Sometimes  the 
t  in  the  direction  of  the  route  of  travel  is  obstructed  by 
or  other  objects;  when  it  is  possible  to  sight  in  that  di- 
Dii  on  the  sketch-board,  measure  the  distance  by  pacing 
;herwise  until  the  obstacle  is  passed,  and  then  resume  the 
e*finding- 

191.  Weldon  Range-finder- — This  instrument  t£7//f/V/*jr/'/ 
^prisms  accurately  ground  to  the  following  angles:   first, 

grecs;    second,   88    degrees    51    minutes    15    seconds; 

74  degrees    1 5   minutes  53   sccoiids.      The  distance  or 

a/ an  object^  O  (Fig.  85),  from  an  observer  is  obtained 
bserving  the  angles  OAD  and  OB  A  at  the  base  of  a 
angled  triangle,  ABO,  the  measured  base,  AB,  of  which 

the  ratio  1   to  50  of  the  distance  or  range  AO  when  the 

r  90-degree  prism  and   the  second  or  88-dcgree  prism 
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arc  used  at  either  end  of  tlie  base.  A  mure  accurate  dcte 
mination  of  the  range  may  be  obtained  by^  use  of  tlie  second 
prism  only  wlien  the  measured  base  is  i  :  25  of  the  distance  of 
range  AO  (Fig.  86),  in  which  case  the  angles  of  an  isosceles 
triangle  at  ABO  and  ACO  at  either  end  of  the  fixed  base  art 
measured.  Finally,  the  Weldon  range-finder  may  be  used  for 
measuring  rapidly  a  base  AB  or  BC  by  using  the  third  prism 


FlC.    85. — RANGE»riNDlNt;   WITH 
A.   DlRRCnON-POINT   D, 


B  AC 

Fig*    86,— RANCE-riNDlNG   WITK- 
OirX    DttKCnON-POlNT* 


of  74-|-  degrees  (Fig,  87),  but  this  is  merely  as  a  conveniens 
and  not  as  a  necessity  except  under  very  unusual  circumstancei 

In   taking  a   range    choose    a    good    direct  ion- point.   A^ 
(Fig,  85)p  or  else  put  in  a  ranging  rod  at  D,  making  its  reflcc- 
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coincide  with  the  object  by  means  of  the  90**  prism;  then, 
638**  + prism,  relirt-  along  the  line  j45,  leaving  a  mark 
keep  yourself  in  line,  and  when  the  88*  +  prism  shows 
incidence  of  D  with  O^  B  is  reached.  AB  is  then  meas- 
1  either  by  pacing  or,  more  accurately,  by  the  tape,  and 
ittpUcd  by  50,  the  product  being  the  range  of  0  from  A* 
The  VVeldon  range-finder  is  manufactured  in  two  forms:  I, 
small  watch-shaped  affair  about  2  inches  in  diameter;  and, 
2,  in  a  semi-cylindrtcal  case  about  1^  by  2^ 
inches.  (Fig.  88.)  The  latter,  which  is  the 
most  serviceable  of  the  two,  has  the  three 
prisms  arranged  one  above  the  other,  and  is 
used  by  holding  it  directly  in  front  of  the  eye, 
grasping  the  projecting  case  as  a  handle,  and 
with  the  first  or  90**  prism  uppermost.  The 
apex  of  this  prism  is  then  held  in  a  direct 
line  or  range  with  one  of  the  objects  sighted, 
and  is  superimposed  over  the  edge  of  the 
metal  back.  This  object  is  then  looked  at  by 
direct  vision  through  the  open  space  above  or 
below  the  prism,  and  is  viewed  simultaneously 
with  the  second  object  reflected  at  right  angles 

1^  "ir    in  the  prism. 

6d.— Weldoh        Xhe  reflected  object  appears  directly  above 
or  below  that  seen  by  direct  vision,  and  forms 
h  the  eye  of  the  observer  the  angle  to  which  the  prism  is 
Considerable  practice  is  required  to  readily  determine  in 
prism  the  reflected  object,  but  by  holding  the  instrument 
tc  close  to  the  eye  a  large  field  is  obtained  and  a  slight 
vcment  of  the  head  to  either  side  is  all  that  is  required  to 

ra  fresh  field  into  view.  When  the  reflected  image  has 
obtained  it  can  be  made  to  move  up  or  down  by  slightly 
ing  the  instrument  so  as  to  make  the  reflection  coincide 
h  the  object  selected  in  front  of  the  observer  for  direct 
wing.  In  order  to  get  a  correct  angle  the  object  should 
kept  upright  and  the  reflected  horizon  as  level  as  it  is  in 
ure,  since  any  inclination  afTects  the  angle. 
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If  in  range -finding  a  good  natural  direction^point  cannot 
be  founds  a  flag  or  other  mark  may  be  placed  to  get  a  direc- 
tion-point, and  its  distance  from  the  observer  is  dependent  on 
the  distance  of  the  object  the  range  of  which  is  required. 
Thus  for  a  range  of  3000  feet  the  direction-point  niay  be  150 
feet  away  J  but  for  a  mile  to  two  miles  the  marker  should 
certainly  not  be  nearer  than  200  to  300  feet.  In  fact,  the 
further  the  direction-point  from  the  observer  the  more  accu- 
rate is  the  measurement  of  the  range,  other  conditions  being 
equal.  If  an  assistant  accompanies  the  observer,  he  may  be 
used  as  a  direction-point,  when  very  little  time  will  be  lost 
in  finding  one  for  a  long  range. 

120.  Accuracy  and  Difficulties  of  Range-finding.^ — The 
accuracy  obtained  with  the  Weldon  range-finder  is  remarkable 
considering  its  crudity  as  a  surveying  instrument.  In  tests 
for  accuracy  made  at  the  Infantry  and  Cavalry  School  at  Fort 
Leavenworth,  Kansas,  distances  of  2000  and  3500  feet  were 
determined  within  2,5^  error  in  every  case,  and  an  average 
for  a  large  number  of  observations  and  for  distances  of  2000 
to  r2,0CM3  feet,  measured  by  enlisted  soldiers  unaccustomed 
to  the  use  of  the  instrument,  was  2.435^. 

The  chief  difficulty  in  the  use  af  the  instrumeni  is  one  iiir 
hcrent  in  any  prismatic  instrument ;  namely,  that  the  object 
the  range  of  which  is  desired  is  often  hidden  from  the  further 
end  of  the  base  by  an  intervening  tree,  knoll,  or  other  obsta- 
cle, so  that,  except  under  very  favorable  circumstances,  several 
trials  are  necessary  in  order  to  get  a  range,  whereas  this  even 
is  sometimes  impossible.  Other  objections  to  this  apparently 
simple  process  are  the  difficulty  of  obtaining  a  definite  mark 
at  right  angles  to  the  object  of  reficction  when  employing 
the  base  of  i  :  50,  and  the  difficulty  of  always  finding  ground 
suitable  for  the  measurement  of  a  base  as  regards  view,  gen- 
eral configuration,  and  space.  Again,  considerable  practice  is 
necessary  in  order  to  obtain  reliable  results  every  time,  and  to 
attain  facility  in  the  selection  of  suitable  range-points.     And 
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finally  there  is  the  diRicylty,  soon  overcome  with  practice,  of 
learning  to  recognize  the  reflected  image,  and  of  producing 
the  coincidence  of  this  and  the  direct  view  of  the  range*point. 
121.  Range*finding^  with  Plane-table*^ — Range-finding 
may  be  performed  with  a  plane-table  as  satisfactorily  as  with 
the  prismatic  range-finder  for  all  the  purposes  of  ordinary 
surveys.  The  plane-table  would,  of  conrse,  not  serve  as  a 
satisfactory  range-finder  for  military  purposes,  because  it 
offers  too  large  a  mark  and  is  not  sufficiently  portable  for 
ordinary  military  reconnaissance. 

While  the  plane-table  may  be  satisfactorily  employed  as  a 
range-finder  in  cases  of  map-making  similar  to  that  described 
in  Article  118,  its  ^special  adaptability  appears 
to  be  in  connection  with  the  determination  of 
positions  and  elevations  of  unimportant  points 
near  the  route  of  travel  of  the  topographer 
who  is  sketching  small-scale  maps — assuming 
the  topographer  to  be  traveling  over  a  road 
previously  traversed  and  adjusted,  and  sketch- 
ing in  the  topography  on  either  side  (Arts,  13 
and  17),  and  that  he  finds  a  point  C  (Fig,  89)^ 
either  a  house  io  a  field  a  mile  or  less  distant, 
or  a  summit  which  has  not  been  previously 
located,  and  the  position  and  elevation  of  which 
arc  essential  in  order  that  he  may  properly 
sketch  his  surroundings. 

Let  him  set  up  his  plane-table  at  a\  then 
orienting  by  a  backsight  down  the  road,  if  a 
sufficiently  long  and  straight  one  can  be  had, 
or  by  some  point  x  already  located  and  visible 
from  the  position  a,  draw  a  line  in  the  direction 
of  C.  Now  sighting  in  the  direction  b,  whence 
C  can  also  be  seen,  let  him  draw  the  line  ab 
and  measure  off  the  base  with  a  tape,  or  by 
carefully  pacing  ab  say  100  feet.     This  should  then  be  platted 
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on  the  plane-table  on  a  scale  ten  times  as  great  as  the  seal 
of  his  map.  Now  removing  his  plane-table  to  ^and  ortenttl 
on  a,  let  him  dr.iw  a  direction  Une  to  C  which  will  appro^i 
mately  locate  it  by  its  intersection- with  the  line  from  u.  T 
angle  is  necessarily  so  acute  that  the  actual  position  of  C 
indefinite,  but  the  distance  aC  may  be  scaled  off,  and  tl 
divided  by  lo  will  reduce  it  to  the  scale  of  the  map.  Piatt 
on  the  line  aC,  it  will  give  the  location  C  so  closely,  becau 
of  the  great  reduction  in  scale,  as  to  fix  the  position  of  t 
point  well  within  the  map  scale. 

The  chief  precautions  to  be  taken  in  this  mode  of  locati 
are  that  the  base  ab  shall  not  be  too  small «  a  ratio  of  i  to 
being  a  very  good  one  and^i  to  50  less  satisfactory^.      Accai 
ingly,  with  a  measured  distance  ab  of  100  feet,  a  point  25 
feet  distant  could  be  quite  accurately  platted  to  a  scale 
times  as  great  as  that  of  the  map.      The  topographer  must  ta 
especial  care  in  range-finding  by  this  method  to  set  his  insti 
ment  exactly  over  the  points  a  and  b  in  order  that  his  oriem 
tion  may  be  accurate.     Point  a  on  the  plane-table  board  fl 
be  plumbed  over  a  stake  or  other  mark,  and  b  likewise  must 
plumbed  over  the  mark  sighted  at;    moreover  the  baclc^ 
from  ^  to  ^  must  be  exactly  at  the  mark  a,  ^ 

I2ia.  Automatic  Surveying  Instruments. — Many  attempt 
have  been  made  at  automatically  irac  ing  a  plan  of  routes  over  whic 
self-recording  surveying  instruments  arc  transported,  or  of  pn 
curing  profiles  of  the  same.  All  of  these  instruments  have,  hov 
ever,  failed  to  attain  any  imporiance  in  surveying  practice  ( 
even  minor  accuracy.  The  only  attempt  at  perfecting  an  aut< 
matic  surveying  instrument  which  has  even  approached  succes 
or  which  has  been  patented  and  placed  on  sale  is  Ferguson 
pedograph.  This  is,  as  its  name  describes,  a  graphic  ran 
tracer  in  which  distances  are  paced.  It  will  map  an  itinera! 
.of  moderate  length,  the  extremities  of  which  are  known,  by  i 
terix>lating  between  these. 


AUTOMATIC  SURVEYING  INSTRUMENTS.  2g\b 

The  pedograph  consists  of  a  U-shaped  box,  12  inches  in 
diameter  by  3  inches  in  thickness,  and  hung  from  the  shoulders 
by  straps.  In  it  are  suspended  two  frames,  on  one  of  which 
is  stretched  drawing  paper,  while  the  other  contains  a  piece  of 
ground  glass.  Between  these  is  a  complicated  mechanism 
called  a  recorder,  from  which  is  suspended  a  heavy  pendulum 
which  causes  a  hole  to  be  punched  in  the  paper  with  each 
step.  By  means  of  pulleys  and  cords  attached  to  a  compass 
in  the  top  of  the  box  the  recorder  is  caused  to  change  its 
direction  with  each  change  in  direction  of  the  pedestrian. 


CHAPTER  XIV. 
PHOTOGRAPHIC  SURVEYING. 

122.  Photo-surveying. — The  camera  has  recently  co 
into  limited   favor  as   a  topographic  surveyfng  instrumc 
Its  first  extended  use  was  in  Italy,  where  it  was  emplo} 
chiefly  in  making  perspective  views  of  buildings  for  the  p 
pose  of  constructing  therefrom  their  elevations  and  groui 
plans,  for  architectural  and  military  purposes,  and  this  fc 
of  photo-surveying  has  been  styled  photogrammetry.     A 
result  the  word  photo- topography  has  been  recently  adop 
as  applying  to  the  survey  of  the  terrane  by  means  of 
camera.     Photo-surveying  methods  have  been  employed 
a  minor  extent  in  India,   France  and  Italy,  and  almost 
clusively   in    the    Dominion   of    Canada,    in    the    making 
topographic  surveys. 

123.  Photo-surveying  and  Plane-table  Surveying  Cc 
pared. — A  careful  study  of  the  method  and  results  of  p 
tographic  surveying  leads  to  the  following  conclusions: 

Photo-surveying  consists  ultimately  in  constructing  a  to 
graphic  map  in  office  from  photographs  of  the  terrane 
conjunction  with  angular  measures  taken  by  the  came 
Necessarily  the  draftsman  who  does  not  see  the  coun 
cannot  make  as  detailed  and  accurate  a  map  of  it  fr 
photographs  as  the  topographer  could  make  while  view 
the  country  itself  from  which  the  photograph  had  h* 
made.  It  seems,  therefore,  f.iir  to  assert  that  a  map  ms 
from  photographs  and  constructed  in  the  office  on  a  drawi 
board,  much  on  the  same  principle  as  a  map  is  made  01 
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plane-table  board  in  the  field,  is  less  accurate  and  less  satis- 
factory than  the  latter. 

On  the  other  hand,  the  use  of  th^  phtne-ialfle  requires  the 
expenditure  of  some  time  in  the  field  in  constructing  the 
nna.p«  while  the  expenses  of  a  large  party  organization  are 
running  on.  Considerable  outlay  is  saved  in  photo-surveying 
b\-  drafting  the  map  in  office  at  the  expense  of  only  the  indl* 
victual  draftsman;  moreover,  under  advantageous  conditions 
of  light,  photo-surveying  field  operations  can  be  conducted 
niorc  rapidly  than  plane-table  surveys. 

Finally,  photo-surveying  methods  can  be  employed  only 
in  mapping  a  limited  class  of  topographic  forms,  such  as  bold 
anci  open  mountainous  country,  and  then  only  on  generalized 
geographic  scales.  For  in  highly  eroded  and  detailed  topog* 
raj>hy  it  would  be  necessary  to  occupy  a  multitude  of  camera 
^ta^tions  tliat  all  the  forms  might  be  recorded  in  photographs* 
In  ivooded  regions,  and  on  plains  or  plateaus  it  is  impossible 
^o  use  photo-surveying  methods*  With  the  plane-table  it 
IS  possible  to  supplement  the  facts  mapped  from  the  occupied 
stations  by  any  amount  of  traverse  surveying. 

The  ultimate  cdruiusion  1s  that  a  fair  map  can  be  made  by 
photo-topographic  methods,  under  favorable  conditions,  more 
rapidly  in  the  field  and  at  less  cost  than  a  good  map  can  be 
made  on  the  same  scale  by  plane-table  methods.  On  the 
other  hand,  where  it  js  desirable  to  make  a  first-class  topo- 
^"'aphic  map  oa  a  given  scale,  the  best  results  will  be  obtained 
^*'th  the  plane-table  under  most  conditions  of  atmosphere. 
*^or  it  must  be  borne  in  mind  that  when  surveying  by 
^'^'gonomctric  methods,  where  the  topographer  leaves  camp 
^^d  ascends  a  mountain  to  make  a  plane-table  station  or 
photographic  station,  he  will  under  ordinar>^  circumstances 
succeed  in  making  but  one  or  two  stations  at  most  in  a  day» 
^'^erc  the  scale  is  of  geographic  proportions. 

In  the   average  atmospheric  conditions  met  with  in  the 
United  States  tlic  topographer  will  therefore  accomplish  as 
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much  in  a  day  with  the  plane-table  as  with  the  camera,  while 
the  resulting  map  will  be  decidedly  superior.  Again,  under 
such  atmospheric  conditions  as  exist  in  western  British 
America  and  in  Alaska,  where  the  higher  summits  are  covered 
with  cloud  and  mist  during  the  greater  portion  of  the  day  or 
for  several  days,  and  when  the  occasional  glimpses  that  may 
be  had  of  surrounding  country  are  accompanied  by  a  clear 
and  bright  sunshine,  the  topography  can  be  procured  by 
photo-topographic  methods^  completing  in  an  hour  of  clear 
weather  the  work  necessary  to  be  done  at  one  station,  which 
would  require  the  better  part  of  a  day  by  plane-table 
methods.  Therefore  it  is  probable  that  photo-topographic 
methods  are  cheaper  and  more  rapid  than  plane-table  methods 
and  furnish  a  much  more  practicable  and  economic  mode  of 
making  geographic  surveys  under  such  conditions.  Mr.  E, 
Devillc,  Surveyor*Gcneral  of  Canada,  estimates  the  cost  of 
plane-table  surveying  in  western  British  America,  as  com* 
pared  with  photo-topographic  surveying,  as  5  to  I. 

124.  Principles  of  Photo-topography, — The  practice  of 
photo-topography  requires  a  thorough  knowledge  of  descrip- 
tive geometry  and  perspective.  The  canura  is  specially 
prepared,  resting  on  a  horizontal  plate  divided  like  the  circle 
of  a  transit  instrument  and  read  with  verniers,  and  having 
attached  to  its  side  or  on  top  a  small  telescope,  with  vertical 
arc  for  the  measurement  of  angles.  There  are  a  vertical 
and  a  horizontal  cross-hair  in  the  focal  plane  of  the  camera, 
and  it  is  fitted  with  a  magnetic  needle  inside  of  the  box* 
and  a  scale,  so  placed  that,  when  the  exposure  is  made, 
the  magnetic  declination,  the  scale,  as  well  as  the  intersec* 
tion  of  the  cross-hairs,  are  all  photographed  on  the  plate 
containing  the  view  (Fig.  91).  If  the  instrument  has  been 
carefully  leveled,  the  horizontal  cross-hair  becomes  the  hori- 
zon line,  and  the  vertical  cross -hair  the  center  zero  line,  to 
which  angular  measures  are  referred  in  the  office  computa- 
tions.    A  group  of  views  are  taken  at  each  stationt  abutting 
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one  against  the  other,  and  the  angular  distance  between  each 
is  noted  by  the  reading  of  the  horizontal  plate  of  the  camera, 
horizontal  angles  being  also  read  by  a  small  theodolite  or  by 
the  camera  to  the  more  prominent  peaks* 

The  objects  represented  in  perspective  are  of  an  irregular 
ihape  and   at    various   distances   from   the   camera.     If  the 


Fig,  or, — Brtdges-Lee  Photo-throdoute. 

picture  «r  image  of  the  object  is  a  true  perspective  in  a 
plane,  it  is  possible  to  construct  therefrom  a  geometric  pro- 
jection of  the  object  in  a  plane  at  right  angles  to  the  picture 
plane*  This,  providing  the  distance  and  the  relative  position 
of  the  point  of  view  be  known  with  reference  to  the  picture 
plane,  and  providing  views  have  been  taken  from  a  sufficient 
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number  of  stations  to  surround  the  irregularly  formed  objects 
viewed*  Photo-topography  is,  therefore^  the  art  of  recon- 
structing geometrically  horizontal  projections  from  perspec- 
tive views*  The  process  of  this  reconstruction  consists  in 
platting  the  skeleton  triangulation  as  obtained  by  angular 
measures  with  theodolite  or  the  horizontal  circle  of  the 
camera.  The  photo-topographic  survey  should  be  preferably 
preceded  by  a  primary  triangulation.  Then,  with  several 
stations  platted,  the  view  from  each  of  them  of  a  given  portion 
of  the  terrane  may  be  projected  on  the  plane  of  the  map,  and 
intersections  be  platted  for  each  salient  point  seen  in  perspec- 
tive. 

125,  Camera  and  Plates. — There  are  a  number  of  forms 
of  photo-topographic  cameras,  among  the  more  complete 
and  satisfactory  of  which  are  those  employed  by  the  Cana- 
dian Topographic  Survey,  the  Italian  instruments,  and  the 
Bridges-Lee  (Fig.  91)  instruments.  The  apparatus  is  packed 
in  several  sma!l  cases  for  easy  transportation  in  the  most 
inaccessible  country,  the  tripod,  camera,  and  plates  making 
separate  packages.  The  equipment  of  a  photo-topographic 
party  in  the  Canadian  surveys  consists  of  a  transit  theodolite 
and  two  cameras.  These  cameras  are  rectangular  boxes  of 
metal,  open  at  one  end  and  provided  in  addition  to  the  lens 
with  two  sets  of  cross-levels,  read  through  openings  in  the 
outer  mahogany  box;  the  plate-holders  are  made  for  single 
plates  and  are  inserted  in  a  frame  which  can  be  moved  for- 
wards and  backwards  bj^  means  of  adjusting-screws.  The 
camera  rests  on  a  triangular  base  with  leveling  foot-screws, 
similar  to  those  of  the  transit  instrument,  so  that  both  may 
be  used  on  the  same  tripod. 

The  surveyor  first  adjusts  the  transit  and  measures  the 
azimuths  and  vertical  angles  to  triangulation  points  and  to 
the  camera  stations,  recording  the  same.  The  camera  is  then 
mounted  on  the  tripod,  lev^eled,  and  the  plate-holder  inserted, 
and  its  number  is  noted,  as  is  also  the  approximate  direction 
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of  the  view  by  means  of  lines  drawn  on  the  outer  case  of  the 
camera-box;  the  topographer  then  revolves  the  box  until  these 
lines  show  that  the  camera  is  properly  point ed<  Then,  by 
locking  at  the  lines  on  the  side  of  the  camera-box,  he  notes 
whether  the  view  is  in  the  correct  vertical  plane.  Exposure  is 
then  made,  and  the  camera  sighted  for  the  next  view* 

126.  Field-work  of  a  Photo-topographic  Survey.  —  In 
the  field-work  of  a  photo-topographic  survey  the  primary 
inmgtdation  is  first  executed  by  ordinary  methods,  and 
secondary  triangulation  is  executed  during  the  progress  of 
the  photo-topographic  survey.  The  object  of  the  secondary 
Iriangulation  being  to  fix  the  camera  stations,  the  summits 
located  in  the  secondary  triangulation  are  selected  for  this 
purpose  only,  all  topographic  details  of  the  plat  being  drawn 
irom  the  photographs  made  at  the  camera  stations.  The 
positions  of  the  camera  stations  may  be  fixed  either  by  angles 
from  them  or  by  angles  from  primary  triangulation  points  or 
both,  and  as  it  is  easier  and  more  accurate  to  plat  the  camera 
stations  by  means  of  angles  taken  from  the  primary  triangu- 
lation points,  the  camera  stations  should,  if  possible,  be 
occupied  before  the  triangulation  summits. 

In  selecting  camera  stations  it  must  be  borne  in  mind  that 
views  taken  from  a  great  altitude  and  overlooking  a  large 
expanse  of  country  are  desirable  chiefly  as  aids  in  the  expan- 
sion of  the  triangulation,  while  those  taken  from  low  altitudes 
arc  of  the  greatest  service  in  drawing  in  details  of  topography, 
especially  in  valleys  and  lowlands.  Difficulty  is  frequently 
experienced  in  obtaining  two  views  which  will  furnish  inter- 
sections over  a  certain  portion  of  the  terrane,  in  which  case 
in  ver>'  rugged  country  the  method  of  vertical  intersection 
iay  be  employed,  views  being  taken  from  different  altitudes, 
^uch  a  process  can  of  necessity  be  employed  only  when  the 
ditlcrcnccs  in  elevation  are  great  and  the  points  to  be  deter- 
0)ined  not  distant. 

The  greatest  difficulties  in  photo^topography  are  encoun- 
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tered  in  bad  lights,  which  must  necessarily  be  met  in  making^ 
panoramic  views;  for  while  the  camera  will  have  the  lights  in 
the  right  direction  for  viewing  one  way,  in  taking  views  in 
the  opposite  direction  the  lights  will  be  unfavorable  (Art. 
389).  Moreover,  views  taken  of  the  same  object  or  por- 
tions of  the  terrane  at  different  times  of  the  day  have  the 
shades  cast  in  different  manners,  so  that  it  becomes  difficult 
to  identify  the  topographic  detail  or  even  salient  points.  If 
the  number  of  photographs  taken  is  large  enough  to  cover 
the  ground  completely,  the  identificaion  of  points  even  under 
different  lighting  offers  no  serious  obstacle. 

In  making  exposures  two  or  three  points  in  each  view 
must  be  observed  with  the  altazimuth  on  the  camera  or  with 
a  theodolite,  so  as  to  obtain  horizontal  and  vertical  angles 
between  them,  and  this  aids  in  the  orientation  of  the  view  and 
in  platting  and  computing  the  details  of  the  map.  It  is 
desirable  in  conducting  such  surveys  to  establish  a  small  field 
laboratory  at  a  central  point  to  which  the  camera  and  plates 
may  be  taken  for  the  purpose  of  development,  changes  of 
plates,  etc.  (Chap.  XLL)  In  making  field  surveys  an  out- 
line sketch  of  the  terrane  should  be  made  in  a  note-book,  on 
which  memoranda  must  be  made  of  names,  roads»  patKs^j 
buildings,  and  other  information  essential  to  the  map.  ^^k 

127.  Projecting  the  Photographic  Map. — Two  drawing-^^ 
boards  are  covered  with  paper,  one  of  which  is  used  as  a  con- 
structing board,  on  which  the  graphical  determination  of  the 
points  is  made,  and  the  other  is  used  for  the  final  drawing  of 
the  topographic  map.  On  both  are  projected  the  trigono* 
metric  points  which  are  platted  by  means  of  their  coordi- 
nates. The  camera  stations  are  platted  on  the  b^ard  cither 
by  coordinates  or  by  means  of  the  protractor.  The  inter- 
mediate points  are  then  projected  by  searching  for  well-defined 
points  coming  on  two  or  more  negatives,  selecting  such  as 
seem  most  useful  as  guides  for  the  drawing  of  the  contours^ 
and  tracing  the  trend  of  mountain  ranges,  streams,  etc. 
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Assuming  that  ten  views  have  been  taken  panoramically 
from  one  station,  then  the  horizontat  projection  of  the  ten 
plates  exposed  from  such  a  station  forms  a  decagon  (Fig.  92)^ 
with  a  radius  of  inscribed  circle  equal  to  the  principal  focal 
length  of  the  camera.  After  the  position  of  one  of  these 
panoramic  views  has  been  found  on  the  map  by  platting  the 
angle  from  the  occupied  station  to  some  located  point,  the 
orientation  of  the  other  point  is  accomplislied  by  adding  one 
tenth  of  360"*  to  this  angle,  and  thus  the  entire  decagon  can 
be  platted  with  reference  to  the  occupied  station  and  the 
orienting  triangulation  point.  When  this  orientation  of  the 
horizontal  plan  is  accomplished,  the  direction  lines  are  drawn 
from  the  platted  camera  station  to  points  photographed  in  the 
camera.     The  following  example  taken  from  the  U.  S.  Coast 


Fig.  92, — Pkojeciion  of  Cam  bra- plated  from.a  STAxtoN, 
Survey  report  for   1893,  by  A.  J.  Flemer,    further  describes 
the  process: 

Let  mntmt  (Fig.  93)  represent  a  vertical  and  oriented 
perspective  view,  and  OO*  be  the  line  of  the  horizon  of  the 
plate*  V  the  point  of  view,  and  ^*  tlie  angle  of  orientation  of 
the  plate  in  reference  to  a  secondary  point  A.  Now,  VP  ^  f 
is  the  principal  focal  length,  and  if  a  is  the  representation  on 
the  plate  of  a  point  A  in  nature,  and  a  vertical  aa  has  been 
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drawn  on  the  plate  through  it  to  the  horizon  h*ne,  then  Pa' 
will  be  the  abscissa  of  the  point  a.  From  the  rectangular 
triangle  VPa'  we  have  then 


X  =  f  tan  CO. 


(24) 


In  order  to  draw  the  horizontal  position  of  the  ray  from  V 
to  A,  the  distance /'^?',  equal  to  x,  is  laid  oflf  upon  the  hori- 
zon line  00'  from  P' .  This  distance  x  is  taken  from  the 
picture  by  means  of  a  pair  of  dividers.  The  position  of  the 
point  A'  will  be  in  the  intersection  of  two  or  more  lines  of 
direction  obtained  in  a  similar  manner  from  other  pictures 
containing  a  and  taken  from  other  stations,  and  the  same 
applies  to  all  other  points  of  the  terrane  if  they  can  be 
identified  upon  plates  taken  from  different  panoramic  stations. 


Fig.  93. — Projection  ok  Photograph. 

The  elevations  of  points  on  the  terrane  are  determined, 
after  the  selected  points  have  been  platted  in  horizontal  plan 
as  above,  in  the  following  manner: 

If  the  elevation  of  the  camera  station  V  is  known,  the 
elevation  of  the  horizon  line  on  the  plate,  mn,  can  be  obtained 
by  adding  the  height  of  the  instrument  to  the  elevation  of 
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Ilie  Station  V,  The  eUvatwns  of  all  points  on  the  plates  which 
arc  bisected  by  the  horizontal  line  have  the  same  elevation  as 
the  horizontal  axis  of  the  instrument  at  the  station,  dis- 
regarding curvature  and  refraction.  The  elevations  of  other 
secondary  points  selected  from  the  plates  are  obtained  by 
determining  their  elevations  above  or  below  the  horizon  line. 
From  the  relations  of  similar  triangles  we  have 


-f. 


(35) 


in  which  h  is  the  diflference  of  elevation  between  the  occupied 
station  and  the  point  observed,  D  the  horizontal  distance  to 
the  observed  station  A  from  the  occupied  station  V^  and  d 
the  horizontal  distance  of  t!ie  same  on  the  picture,  y  being 
the  ordinate  of  points.  From  the  recta  regular  triangle  f/V 
we  find  ^  =  /s'*c  a?,  when 


h^ 


J  sec  < 


(26) 


The  differences  of  elevation  taken  from  the  perspective  are 

positive   or  negative  according  to  the   relative   positions  of 
their  points  in  respect  to  the  liorizon. 

The  computations  and  office  platting  connected  with 
photo-topographic  surveying  are  long  and  tedious  operations, 
one  day*s  work  in  the  field  frequently  requiring  from  four  to 
eight  days'  office  work  for  the  accomplishment  of  the  platting 
of  the  map.  In  Fig.  94  is  shown  the  mode  of  constructing 
of  a  portion  of  the  map  of  the  Canadian  Survey.  This  was 
made  from  four  camera  stations,  the  view  from  one  of  which 
is  shown  in  Fig,  90, 


PART  111. 
HYPSOMETRY,  OR  DETERMINATION  OF  HEIGHTS. 


CHAPTER    XV. 

SPIRIT-LEVELING. 

128.  Hypsometry. — Hypsometry  is  that  branch  of  sur- 
veying which  treats  of  the  determination  of  absolute  heights 
or  relative  elevations*  Mean  sea  level  is  the  usual  plane  of 
reference  from  which  such  heights  are  determined,  though 
not  infrequently  other  arbitrary  base  levels  are  assumed  for 
special  purposes.  There  are  three  principal  hypsometric 
methods,  noted  here  in  their  order  of  accuracy,  viz. : 

ti.   By  spirit*level; 
2.   By  trigonometric  or  angular  measurement;  and 
3,   By  barometer  or  atmospheric  pressure. 
Barometric    levehng    may    be    performed    whenever    the 
tation   the    height   of  which   is   to    be   determined    can    be 
occupied ;  trigonometric  leveling  can  be  prosecuted  when  one 
or  both  of  the  stations  is  inaccessible ;  and  spirit-leveling,  only 
when  both  stations  are  accessible  and  visible  one  from  the 
other. 

Hypsometry^  or  leveling^  is  the  determination  of  the  rela- 
tive elevations  or  heights  above  sea  level  of  points  upon  the 
1       earth's  surface,  and   may  be   further  classed  as  direct  and 
I        indirect.     Direct  Icviiiftg  is  performed  by  the  spirit-level  and 
-consists  of  the  prolongation  of  a  level  line  and  the  detcrmina- 
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tton  by  actual  ineastirement,  on  a  vertical  rod,  of  heights 
above  or  below  this  line.  Indirect  leveling  is  the  determina- 
tion of  heights  by  calculation  from  measured  angles  and 
distances  or  by  barometric  methods. 

Two  points  are  said  to  be  upon  the  same  level  when  they 
are  equidistant  from  the  earth's  center,  A  level  line  is  at  a 
uniform  distance  from  the  equal  potential  surface,  and,  owing 
to  the  figure  of  the  earth,  the  difference  between  the  polar  and 
equatorial  levels  is  13  miles  vertical.  A  level  line  is  not  a 
horizontal  line ^  for  the  latter  is  a  straight  line  parallel  to  a 
tangent  of  the  earth's  circumference,  whereas  a  level  line  is  a 
curved  line,  because  it  is  parallel  to  the  curvature  of  the  sea. 
But  for  all  ordinary  purposes  a  level  line  and  a  horizontal 
line  arc  synonymous  even  for  leveling  operations  conducted 
over  such  great  distances  as  to  br  affected  by  the  curvature 
of  the  earth.  A  level  surface  may  also  be  defined  as  one 
which  is  ever>'where  perpendicular  to  the  direction  of  gravity 
as  indicated  by  a  plumb-line;  and  the  spirit-level,  like  the 
plummet,  is  a  device  for  utilizing  the  law  of  gravity  to  estab 
llsh  a  horizontal  or  perpendicular  line. 

129.  Spirit-leveling. — The  operation  of  spirit-leveling  is 
the  most  accurate  of  hypsometric  methods,  because  it  is  the 
simplest  and  most  direct  and  is  subject  to  the  fewest  sources 
of  error  in  measurement  or  instrument.  It  is  not  dependent 
upon  the  exact  measurement  of  horizontal  distances  nor  of 
angles,  nor  is  it  affected  by  atmospheric  changes.  It  is 
practically  subject  only  to  errors  of  instrument  and  level- 
bubble  and  of  the  staff  or  rod  by  which  the  vertical  heights 
are  measured. 

Spint-lcvcling  may  for  convenience  be  divided  into  three 
general  classes: 

1.  Ordinary  or  engineering  spirit-leveling; 

2.  Precise  spirit-leveling;  and 

3.  Trigonometric  or,  as  it  is  sometimes  called,  geodesic 
spirit  leveling. 
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The  first  two  of  these  methods  of  spirit-leveling  are  essen- 
^lly  stmiiar,  differing  chiefly  in  the  care  taken  in  the 
>nduct  of  the  work,  and  in  the  elimination  or  correction  of 
Instrument  errors.  In  ettgifteertng  spirit-liVt'Iitig  it  is  assumed 
that  the  adjustments  of  the  instrument  eliminate  instrument 
errors,  and  no  attempt  is  therefore  made  to  correct  these: 
moreover,  the  work  is  conducted  with  but  moderate  care, 
both  in  the  quality  of  the  instrument  and  rods  employed,  the 
turning-points  upon  which  these  rest,  and  in  the  various 
other  phases  of  the  operation  of  leveling. 

Precise  spirit-ievcUng  is  conducted  with  finer  instruments 
and  rods  and  with  all  the  care  which  it  is  possible  to  ext  rcise 
in  every  detail  of  the  work,  especially  in  the  elimination  of 
the  errors  of  instrument  in  the  process  of  leveling.  Account 
may  or  may  not  be  taken  of  instrumental  errors,  and  correc* 
tion  may  or  may  not  be  made  for  them,  though  with  proper 
precautions  to  eliminate  these  more  accurate  results  can  be 
obtained  than  by  attempting  tlieir  correction,  since  the 
method  of  determining  and  compensating  for  such  corrections 
involves  other  operations  which  may  introduce  counterbalanc- 
ing errors. 

Geodesic  spirit- leveling  accepts  the  instruments  as  in* 
accurate,  and  corrections  are  made  for  the  instrumental 
inaccuracies  by  determining  the  instrument  constants  and 
applying  them.  Moreover,  the  operation  is  a  combination 
of  direct  and  indirect  leveling,  because,  in  addition  to  pro- 
longing the  horizontal  line  as  determined  from  the  level- 
bubble,  a  slight  angular  measurement,  calling  for  a  correction 
to  height  dependent  upon  the  distance,  is  introduced  in  each 
sight.  This  is  done  by  making  the  instrument  approximately 
level  and  reading  the  rods,  then  by  making  it  truly  level  by 
a  milled-head  micrometer  leveling-screw;  the  angular  dis- 
tance through  which  the  telescope  is  moved  in  the  perform- 
ance of  this  operation,  as  recorded  on  ihe  micrometer,  is 
multiplied  into  the  distance  between  the  instrument  and  rod, 
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number  of  stations  to  surround  the  irregularly  formed  objects 
viewed,  Pf iota* topography  is,  therefore^  f/ie  art  of  recon- 
structing geometrically  horizontal  projections  from  perspec- 
tive views.  The  process  of  this  reconstruction  consists  in 
platting  the  skeleton  triangulation  as  obtained  by  angular  i 
measures  with  theodolite  or  the  horizontal  circle  of  the 
camera.  The  photo-topographic  survey  should  be  preferably 
preceded  by  a  primary  triangulation*  Then,  with  several 
stations  platted,  the  view  from  each  of  them  of  a  given  portion 
of  the  terrane  may  be  projected  on  the  plane  of  the  map,  and 
intersections  be  platted  for  each  salient  point  seen  in  perspec- 
tive. 

125.  Camera  and  Plates.— There  are  a  number  of  forms 
of  photo-topographic  cameras,  among  the  more  complete 
and  satisfactory  of  which  are  those  employed  by  the  Cana- 
dian Topographic  Survey,  the  Italian  instruments^  and  the 
Bridges-Lee  (Fig,  91)  instruments.  The  apparatus  is  packed 
in  several  small  cases  for  easy  transportation  in  the  most 
inaccessible  country,  the  tripod,  camera,  and  plates  making 
separate  packages.  The  equipment  of  a  photo*topographic 
party  in  the  Canadian  surveys  consists  of  a  transit  theodolite 
and  two  cameras.  These  cameras  are  rectangular  boxes  of 
metal»  open  at  one  end  and  provided  in  addition  to  the  lens 
with  two  sets  of  cross-levels,  read  through  openings  in  the 
outer  mahogany  box;  tlie  plate-holders  are  made  for  single 
plates  and  are  inserted  in  a  frame  which  can  be  moved  for- 
wards and  backwards  by  means  of  adjusting-screws.  The 
camera  rests  on  a  triangular  base  with  leveling  foot-screws, 
similar  to  those  of  the  transit  instrument,  so  that  both  may 
be  used  on  the  same  tripod. 

The  surveyor  first  adjusts  the  transit  and  measures  the 
azimuths  and  vertical  angles  to  triangulation  points  and  to 
the  camera  stations,  recording  the  same.  The  camera  is  then 
mounted  on  the  tripod,  leveled,  and  the  plate-holder  inserted, 
and  its  number  is  noted,  as  is  also  the  approximate  direction 
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the  cross-hairs  are  brought  into  opticat  axis,  so  that  their 
point  of  intersection  remains  on  a  fixed  point  during  an  entire 
revolution  of  the  telescope  on  its  wyes; 


2.  The  level-bubble  must  be  brought  parallel  to  the  bear- 
ings of  the  wyes,  that  is,  to  the  longitudinal  axis  of  the 
telescope;  and 
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number  of  stations  to  surround  the  irregularly  formed  objects 
viewed*  Photo-tapagraphy  is,  therefore,  i/tf  art  of  recon- 
structing geometrically  horizontal  projections  from  perspec- 
tive views.  The  process  of  this  reconstruction  consists  in 
platting  the  skeleton  triangulation  as  obtained  by  angular 
nieasures  with  theodolite  or  the  horizontal  circle  of  the 
camera.  The  photo-topographic  survey  should  be  preferably 
preceded  by  a  primary  triangulation.  Then,  with  several 
stations  platted,  the  view  from  each  of  them  of  a  given  portion 
of  the  terrane  may  be  projected  on  the  plane  of  the  map,  and 
intersections  be  platted  for  each  salient  point  seen  in  perspec- 
tive. 

125.  Camera  and  Plates. — There  are  a  number  of  forms 
of  photo-topographic  cameras,  among  the  more  complete 
and  satisfactory-  of  which  are  those  employed  by  the  Cana- 
dian Topographic  Survey,  the  Italian  instruments^  and  the 
Bridges-Lee  (Fig.  91)  instruments.  The  ajiparatus  is  packed 
in  several  small  cases  for  easy  transportation  in  the  most 
inaccessibfe  country,  the  tripod,  camera,  and  plates  making 
separate  packages.  The  equipment  of  a  photo-topographic 
party  in  the  Canadian  surveys  consists  of  a  transit  theodolite 
and  two  cameras.  These  cameras  are  rectangular  boxes  of 
metal,  open  at  one  end  and  provided  in  addition  to  the  lens 
with  two  sets  of  cross- levels,  read  through  openings  in  the 
outer  mahogany  box;  the  plate-holders  are  made  for  single 
plates  and  are  inserted  in  a  frame  which  can  be  moved  for- 
wards and  backwards  by  means  of  adjusting-screws.  The 
camera  rests  on  a  triangular  base  with  leveling  foot-screws, 
similar  to  those  of  the  transit  instrument,  so  that  both  may 
be  used  on  the  same  tripod. 

The  surveyor  first  adjusts  the  transit  and  measures  the 
azimuths  and  vertical  angles  to  triangulation  points  and  to 
the  camera  stations,  recording  the  same.  The  camera  is  then 
mounted  on  the  tripod,  leveled,  and  the  plate-holder  inserted, 
and  its  number  is  noted,  as  is  also  the  approximate  direction 
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if  the  view  by  means  of  Jines  drawn  on  the  outer  case  of  the 

^amera-box;  the  topographer  then  revolves  the  box  until  these 

Jines  show  that  the  camera  is  properl}-  pointed.      Then,  by 

>cking  at  the  lines  on  the  side  of  the  caniera-box,  he  notes 

rhcthcr  the  view  is  in  tlie  correct  vertical  plane.     Exposure  is 

^hen  made,  and  the  camera  sighted  for  the  next  view. 

126,   Field-work  of  a  Photo-topographic  Survey.  —  In 

lie   field-work  of    a   photo-topographic  survey  the  primary 

YianguUition    is  first   txecudd    by    ordinary    methods^    and 

econdary  triangulation   is    executed  during  the  progress  of 

le  photo-topographic  survey.     The  object  of  the  secondary 

riangulation   being  to  ^^  the  camera  stations,  the  summits 

>cated  in   the  secondar>^  triangulation  are  selected   for  this 

purpose  only,  all  topographic  details  of  the  plat  being  drawn 

rom   the  photographs  made  at  the  camera  stations.     The 

positions  of  the  camera  stations  may  be  fixed  either  by  angles 

from   them  or  by  angles  from  primary  triangulation  points  or 

both,  and  as  it  is  easier  and  more  accurate  to  plat  the  camera 

tattons  by  means  of  angles  taken  from  the  primary  triangu- 

itton    points,    the    camera    stations  should,    if    possible,    be 

■occupied  before  the  triangulation  summits, 
i*     In  selecting  camera  stations  it  must  be  borne  in  mind  that 
piews  taken  from   a  great  altitude  and   overlooking  a  large 
Ixpanse  of  country  are  desirable  chiefly  as  aids  in  the  expan- 
pon  of  the  triangulation,  while  those  taken  from  lowaititodes 
are  of  the  greatest  service  in  drawing  in  details  of  topography, 
especially  in  valleys  and   lowlands.      Difficulty  is  frequently 
experienced  in  obtaining  two  views  which  will  furnish  inter- 
sections over  a  certain  portion  of  the  terrane,  in  which  case 
in  very  rugged   country  the  method  of  vertical  intersection 
lay  be  employed,  views  being  taken  from  different  altitudes. 
jch  a  process  can  of  necessity  be  employed  only  when  the 
lifferences  in  elevation  are  great  and  the  points  to  be  deter- 
lined  not  distant. 

The  greatest  difficulties  in  photo-topography  are  encoun* 
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the  most  accurate  of  the  three  and  is  divided  to  hundredths  of  a 
foot,  reading  with  the  vernier  on  the  target  to  thousandths. 


^4W 


Fig,  96.— Target- rods. 
The  divisions  are  so  arranged,  however^  that  only  those  below 
6^  feet,  that  is,  only  those  visible  when  the  rod  is  not  ex- 
tended, can  be  read  from  the  instrument.     On  extension  the 
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rod  is  read  by  a  vernier  on  the  rear  side.  The  Philathlpkia 
rod  (Fig,  96^  B)  is  divided  to  hundredths  and  is  so  graduated 
as  to  be  easily  read  by  the  levelman  at  all  distances  at  which 
it  is  visible.  There  is  no  vernier  on  the  target  of  the  Phila- 
delphia rodt  so  that  the  least  reading  practicable  with  it  is 
one- half  a  hundredth,  and  by  estimation  perhaps  to  two- 
thousandths,  of  a  foot. 

Unlike  the  rods  just  described,  the  Boston  rod  (Fig,  96,  r) 
has  a  fixed  target,  and  all  readings  upon  it  are  obtained  by 
extending  the  rod.  It  is  held  with  the  target  down  for  read- 
ings less  than  5^  feet,  and  is  inverted  for  greater  readings. 
The  vernier  and  the  scales  by  which  the  rod  is  read  are  on 
the  sideSt  and  the  divisions  are  such  as  to  permit  of  its 
being  read  to  one-thousandth  of  a  foot.  This  rod  is  lighter 
and  more  compact  than  the  others,  but  is  not  so  com- 
monly  used. 

For  very  accurate  work  ivitli  a  New  York  rod,  the  foot- 
plate, instead  of  being  the  full  width  of  the  rod  and  of  brass, 
should  be  a  small  truncated  pyramid  of  phosphor-bronze  or 
steel,  the  least  dimensions  of  which  at  the  bottom  should  be 
about  one-half  inch,  in  order  that  the  rod  when  rested  on  the 
turning-point  shall  surely  be  balanced  over  its  center  and 
that  the  same  point  of  the  foot-plate  should  always  be  in 
^K  contact  with  the  turning  point.  Great  care  should  be  taken 
"  to  keep  this  foot-plate  wiped  clean,  and  in  making  extensions 
of  the  rod  care  should  be  taken  that  the  vernier  of  the  target 
is  exactly  set  on  the  6.5-foot  mark  when  clamped.  Also, 
after  extension,  care  should  be  taken  that  no  grit  or  dirt  gets 

binto  either  of  the  abutting  joints,  else  readings  taken  between 
€>  feet  and  6^5  feet  might  be  in  error.  Plumbing-levels 
should  also  be  used  where  careful  work  is  attempted. 

133'  Speaking-rods. — The  greater  part  of  the  leveling 
ordinarily  done  is  of  the  more  hasty  and  rougher  kind,  read- 
ings being  taken  on  intermediate  stakes  to  one-tenth  foot  only, 
and  Oft  turning  points  rarely  nearer  than  one  one-hundredth 
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fool.  For  this  reason  most  levelmcn  prefer  to  use  speaking- 
rods,  and,  as  a  consequence,  of  the  extensible  rod  the 
Philadelphia  is  the  more  commonly  used  because  it  is  also  a 
spcaktng-rod. 

The  Hon-extensiblc  sfieaking  -  rods  are,  however,  more 
easily  and  safely  employed  than  extensible  rods.  They  arc 
more  popular  with  the  more  experienced  levelmcn,  as  with 
chem  better  work  can  be  performed  than  with  extensible 
speaking-rods.  They  are,  moreover,  frequently  used  in  pre- 
cise leveling,  as  preferable  to  target  and  vernier  rods.  There 
are  many  modes  of  graduating  speaking-rods  so  as  to  make 

the  divisions  legible  at  the  greatest 
distance  at  which  the  rod  is  sighted. 
Few  such  rods  can  be  purchased 
of  instrument-makers,  the  easiest 
way  to  obtain  them  being  for  the 
levelman  to  divide  and  paint  them 
himself.  They  consist  usually  of 
well-seasdhed  pine  ^  to  I  inch  in 
thickness  and  from  3  to  5  inches 
in  widtlu  The  figures  are  made  as 
large  as  possible,  so  as  to  be  legible, 
and  various  markings  are  introduced 
between  these  or  in  the  shapes  of 
the  figures  themselves,  so  that  the 
eye  shall  have  a  guide  whereby  to 
divide  the  spaces  (Figs.  Si  and  97). 
In  order  to  get  more  accurate 
work  from  a  speaking- rod  the  level 
Level*  should  have  three  horizontal  crass* 
hairs  in  the  diaphragm,  and  the 
levelmau  should  tell  the  rodman  where  to  place  his  finger  or 
pencil,  and  the  latter  should  record  this  as  an  approximate 
check  on  the  reading.  The  levelman  should  then  read  each 
of  the  three  cross-hairs  and  record  its  reading  separately,  so 
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[that  by  taking  a  mean  of  these  he  has  a  greater  check  on  the 
leading  observed  and  gets  a  more  accurate  determination  of 
the  height  than  by  reading  one  cross-hair  only. 

134.  Turning-points. — In  rough  leveling  it  is  of  little 
consequence  what  manner  of  turning-point  be  used.  The 
turning-point  may  be  on  a  pebble  or  other  hard  object  on 
the  ground,  or  on  a  short  stake  driven  into  the  ground,  or  a 
hatchet  laid  on  the  ground.  Where  accurate  work  is  attempted 
a  better  turning-point  must  be  employed,  as  the  top  of  a  rail, 
the  head  of  a  hatchet  the  blade  of  which  is  driven  firmly  into 
the  ground,  or  a  spikc-shaped  hammer,  or  a  large  stone  which 
is  well  embedded  in  the  ground. 

For  precise  work,  however,  these  forms  of  turning-point 
are  not  sufficiently  stable.  Along  railroads  the  best  pos- 
sible turning-point  is  on  top  of  the  rail  at  a  point  clearly 
marked.  Elsewhere  two  general  forms  have  been  cm- 
ployed,  one  consisting  of  a  hemispherical  disk  of  iron,  about 
6  inches  in  diameter,  with  short  spikes  on  the  under  side 
which  are  pressed  into  the  ground  by  the  foot.  (Fig.  98,  a.) 
This  form  is  approximately  that  employed  by  the  British 
Ordnance  Survey,  but  it  is  not  believed  to  be  as  satisfactory 
as  a  long  steel  peg  %vell  driven  into  the  ground.  (Fig.  98,  b,) 
Such  pegs  should    be  f     to    i    inch   in   diameter   at    top  and 


Fig,  98. — Turning- POINT 6. 

from  12  to  18  inches  in  length,  according  to  the  consistency 
of  the  soil  into  which  they  are  set.  These  should  be  firmly 
driven  into  the  ground  with  a  heavy  hammer,  a  sufficient 
number  of  blows  being  struck  to  assure  that  the  last  few  blows 
cause  it  to  subside  but  little,  and  that  friction  is  sufficient  to 
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prevent  its  further  subsidence  by  the  weight  of  the  leveling- 
rod.  The  turning-point  should  be  made  of  hardened  steel, 
and  the  top  rounded  and  kept  so  by  frequent  dressing  at  a 
smithy  in  order  that  there  shall  be  but  one  point  of  contact, 
and  that  the  highest, 

135*  Bench  marks. — \n  the  course  of  any  line  of  levels, 
be  it  short  or  long,  accurate  or  approximate,  marks  should  be 
left,  the  heights  of  which  are  determined  by  the  levch'ng-rod. 
and  these  should  be  of  such  permanent  character  as  not  to  be 
liable  to  mutilation  or  injurv^  either  accidentally  or  maliciously. 
This  is  in  order  that  any  future  leveling  which  may  be  done 
in  the  neighborhood  may  stkrt  from  or  connect  with  the  pre- 
vious level  line;  and  in  order  that  the  point  of  connection 
may  be  fully  identified,  such  marks  must  be  left  and  be  fully 
described  in  the  notes. 

These  bench-marks,  as  they  are  called,  should  be  left 
preferably  not  farther  apart  than  one  mile,  but  may  be  farther 
than  this  or  nearer  together  according,  i,  to  the  character  of 
the  work;  2,  the  opportunity  for  description:  3,  the  purpose 
for  which  it  is  done ;  and  4,  the  chances 
of  connection  with  other  lines  of  levels* 
On  a  line  of  railway  they  should  be  at 
such  distance  from  the  right  of  w*ay  as 
to  assure  their  not  being  destroyed  dur* 
ing  construction  of  the  road.  Along 
highways  or  across  country  they  should 
be  so  placed  that  they  can  be  easily 
identified  by  descriptions  which  stale 
their  relation  to  some  well-known 
object  (Fig,  99),  and  they  should  not 
be  placed  upon  rocks,  etc.,  which  arc 
liable  to  disturbance  either  by  repairs 
to  the  highway  or  by  w^ork  in  the  adjacent  fields. 

One  of  the  more  common  forms  of  bench-mark  is  a  nail 
driven  into  the  root  of  a  tree.    The  nail  should  not  be  driven 
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into  the  trunk  above  the  ground  because  of  the  difficulty  of 
placing  the  rod  upon  it.  The  nail  placed  in  the  root  should 
be  as  near  to  the  trunk  as  possible,  in  order  to  guard  against 
its  being  accidentally  struck,  and  a  notch  should  be  so  cut  in 
the  root  as  to  leave  one  part  of  it  a  little  higher  than  any  of 
the  surrounding  wood,  and  into  the  highest  point  of  the 
notched  root  the  nail  should  be  driven  flush  to  its  surface. 
The  bc5t  nail  for  such  purposes  is  one  of  copper,  as  it  can 
Iways  be  surely  identified  as  distinct  from  nails  which  may 
accidentally  or  maliciously  be  driven  in  its  neighborhood. 
Next  to  copper  nails,  wire  nails  are  most  satisfactory  as 
bench-marks. 

The  corner-stone  or  water-table  of  a  building,  a  door-sill, 
abutment  of  abridge,  or  massive  rock  pier,  all  furnish  desirable 
sites  for  bench-marks.  The  exact  spot  should  be  marked  by 
a  chisel-cut.  For  more  permanent  bench-marks,  such  as  are 
left  in  precise  levch'ng,  it  is  customary  to  drill  a  hole  in  solid 
rock  or  the  foundation-stone  of  some  stable  structure  and  to 
place  a  copper  bolt  in  this.  For  greatest  security  from  subsi- 
dence a  building  had  better  not  be  used,  but  a  stone  or  iron 
post  should  be  planted  i\^c\>  into  the  earth  and  the  top  of  this 
be  used  as  a  bench-mark. 

Fig.  lOO  shows  a  form  of  iron  post  used  by  the  U.  S. 
Geological  Survey.  Under  this,  in  the  bottom  of  the  hole,  is 
placed  a  large  flat  stone.  This  post  is  cheap  and  light,  as  it 
is  of  wrought-iron  pipe.  The  same  organization  uses  bronze 
tablets  of  similar  design  for  cementing  in  masonry  walls.  In 
Germany  small  wrought-iron  pins  with  round  heads  are  ce- 
mented into  walls  or  posts  for  bench-marks, 

136.  Method  of  Running  Single  Lines  of  Levels. — In 
general  the  details  of  the  most  approved  methods  of  running 
spirit  levels,  as  practiced  by  the  more  successful  level  men, 
may  be  stated  as  follows  : 

The  rodman,  after  examining  and  wiping  the  bottom  of 
the  level-rod,  standing  behind  it,  balances  it  vertically  on  a 
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bench-mark  or  a  steel  turning-point  firmly  driven  into  the 
ground*  He  waves  it  back  and  forth  gently  as  he  balances 
it,  so  that  the  levelman  may  see  that  it  is  pUunb  in  the  direc- 
tion of  the  line  of  sight,  and  the  latter  calls  to  him,  not  by 
signaling  with   the   hand,  but   by  word  of  mouth,  the  exact 


Fig.  loo.— Buonze  Tablet  and  WROUGHT-tRoN  Bknch-j^iarr  Post. 

figures  on  which  to  set  the  target.  The  rodman  then  takes 
down  the  rod,  sets  the  target,  clamps  it  and  again  holds  it  on' 
the  tuniing-point,  wlien  the  levelmen  may  call  to  him  to  raise 
or  lower  it  one  or  more  thousandths.  Reclamping  the  target 
as  directed,  he  now  levels  the  rod  carefully  by  watching  the 
fore  and  back  plumbing-level,  the  levelman  waving  him  to 
level  it  across  the  line  of  sight  as  indicated  by  the  vertical 
cross- hair. 

The  levelman,  having  his  instrument  well  planted,  and 
sighting  first  at  the  rod  and  then  examining  the  leveUbubble, 
if  he  finds  the  target  exactly  set  at  the  same  time  that  the  in- 
stniment^  as  shown  by  the  bubble,  is  exactly  level,  calls  out 
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**  plumb,**  which  expression,  or  some  equivalent  thereto,  is 
instantly  repeated  by  the  rodman  if  he  finds  his  rod  plumb, 
and  if  the  target  is  then  perfectly  set,  the  levelman  gives  the 
signal  "all  right  ";  if  not,  he  calls  again  to  the  rodman  the 
amount  by  which  the  target  is  to  be  raised  or  lowered*  and 
the  same  operation  is  repeated  until  the  rod  is  found  to 
be  precisely  plumb  at  the  same  instant  that  the  instrument  is 
level  and  the  horizontal  cross-hair  bisects  the  clamped  target. 

The  rodman  reads  the  rod  and  records  his  reading  before 
he  removes  his  turning-point,  then  he  shows  the  rod  to 
the  levelman  as  they  pass,  the  latter  reading  and  recording 
the  same.  Both  at  once  compute  the  height  of  instrument 
and  compare  results  without  having  made  any  remarks  one 
to  the  other  concerning  the  rod  reading,  and  if  the  results 
differ,  as  stated  in  the  instructions,  they  then  both  reread 
the  rod,  recompute,  and  if  the  diflcrence  still  exists^  they 
must  go  back  to  the  nearest  bench-mark  and  rerun  that 
much  of  the  line.  When  a  target  setting  falls  above  the 
6.5-ft*  mark,  at  which  point  is  the  break  in  the  jointed  rod, 
the  closure  of  the  rod  at  this  point  must  be  examined  by  both 
to  make  sure  that  it  is  perfect »  otherwise  the  joint  must  be 
cleaned  or  a  correction  made  for  the  failure  of  the  rod  to 
properly  close. 

In  running  a  long  single-rodded  line  of  levels,  the  following 
additional  precaution  may  be  taken.  Instead  of  setting  and 
reading  the  target  once,  it  is  set  and  read  twice;  that  is,  it  is 
dauhU-targeted  by  the  levelman  first  signaling  the  target  to  a 
setting  up  or  dow*n,  when  it  is  clamped,  read  and  recorded  by 
the  rodman,  who  then  loosens  the  target,  continues  to  move  it  in 
the  same  direction  in  which  it  was  going  for,  say,  a  tentli  of  a 
foot,  when  he  is  then  signaled  to  a  setting  in  the  opposite 
direction.  This  gives  a  double  target  reading  on  each  turn- 
ing-point, and  the  method  of  making  these  tends  to  eliminate 
parallax  in  target-clamping.  If  the  two  readings  differ  by 
more  than  two  thousandths  of  a  foot,  additional  settings  are 


uk 


320 


SFiRlT'LEVELING. 


made.     As  the   rodman   and  the   ievelman   pass,    the  latter 
reads  the  target,  which  is  left  clamped  at  the  last  setting,  and 
the  rodman »  though  he  records  all  readings,  uses  in  his  com-j 
putatioris  only  the  first  of  the  pair  adopted,  while  the  level* 
man  uses  the  last. 

137.  Instructions  for  Leveling,— The  following  arc  the 
instructions  for  Icvelmcn  issued  by  the  Director  of  the  U.  S. 
Geological  Survey : 

1.  Primary'  level  lines  should  be  run  with  one  or  two  rodmen  and  one 
levclmcn.  and  when  necessary'  a  bubble-tender  Where  such  lines  are  run 
in  circuits  which  will  check  back  upon  themselves  or  other  lines,  one  rod- 
man  will  suffice.  Where  long,  unchecked  lines  are  run.  two  rodmen  must 
be  employed. 

2.  SiNGLt-RoiiDtu  Lines. — Level  man  and  rodman  must  keep  separate 
notes  and  compute  diHerences  of  elevation  immediately.  As  Ievelman 
and  rodman  pass,  the  former  must  read  the  rod  himself,  record  and  com- 
pare readings,  then  compute  the  H.  I.,  and  after  computations  are  made 
compare  results  with  the  rodman.  No  comparisons  should  be  made  until 
the  record  is  complete.  H  the  results  differ,  each  must  read  the  rod  t>c- 
fore  comparing  an>T.hiiig  but  results. 

3.  Work  on  primar>'  lines  should  not  be  carried  on  during  high  winds 
or  when  the  air  is  ""boilini^"  badly.  During  very  hot  weather  an  effort 
should  be  made  to  get  to  work  early  and  remain  out  late,  rather  than  to 
work  during  midday. 

4.  Foresights  and  backsights  should  be  of  equal  length,  and  no  sight 
over  300  feet  should  be  taken  excepting  under  unavoidable  circumstances, 
as  in  crossing  rivers  at  fords  or  ferries  or  in  crossing  ravines.  In  such 
cases  extraordinary  precautions  must  be  taken,  as  repeated  readings  at 
changed  positions  of  rod  and  level,  etc. 

5.  [f  it  is  impracticable  to  take  equal  foresights  and  backsights,  as  soon 
as  the  steep  sIoijc  is  passed  take  enough  unequal  sights  to  make  each  set 
.balance.  In  this  case  extra  care  must  be  taken  to  insure  correct  adjust- 
ment of  the  level, 

6.  Distances  along  a  railroad  can  be  obtained  by  counting  rails:  at 
other  times  stadia  or  pacing  may  be  used,  according  to  ilie  quality  of  the 
work.  The  distances  in  feet  of  both  the  foresights  and  backsights  must 
be  recorded  in  lioth  note-books  in  the  proper  columns. 

7.  The  tripod  clamping^screws  must  be  loosened  when  the  instrument 
is  set,  and  tightened  again  only  after  the  legs  are  firmly  placed.  Always 
level  the  instrument  exactly  before  setting  the  target.  After  settmg  it 
and  before  giving  the  signal  *•  all  right/' examine  the  level-bubble.  If 
iuund  to  be  away  from  center,  correct  it  and  reset  target. 
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8.  The  level  must  be  adjusted  daily,  or  oftener  M  necessaiy.  The 
adjustment  of  the  line  of  colUmation  and  of  the  level-tube  is  especially 
important, 

.9,  Provide  rodmen  with  conical  steel  pegs,  6  to  12  inches  long,  with 
round  heads,  to  be  used  as  turning-poinis.  Never  take  turning-points 
between  tics*  Always  drive  the  pegs  firmly  into  the  ground,  hi  running 
along  railroads  the  best  results  will  be  obtained  by  marking  a  spot  on 
top  of  rail  and  setting  the  rod  on  it  as  a  turning*point, 

10.  When  the  rod  is  lengthened  beyond  6.5  feet,  both  the  rodman  and 
tlic  levclman  must  examine  the  setting  of  the  target  as  well  as  the  reading 
oi  ihc  nod  vernier.  When  the  rod  is  closed  see  that  the  rod  vernier  indi- 
cates ^.^  feet,  not  depending  upon  the  abutting  end  to  bring  it  back  to 
place.  Keep  the  lower  end  of  the  rod  and  the  top  of  the  turning-point 
frt!c  from  mud  and  dirt. 

1 1,  Plumbing-levels  must  always  be  used  and  kept  in  adjustment,  and 
long  extensions  of  the  rod  avoided, 

12.  Leave  temporary  t>ench-marks  at  frequent  intervals,  marked  so 
that  they  can  be  easily  identified.  These  may  be  on  a  sulid  rock  well 
marked,  a  nail  driven  in  the  nxjt  of  a  tree  or  post,  or  on  any  place  where 
the  mark  will  noi  be  disturbed  for  a  few  weeks.  One  such  bench-mark 
should  be  left  for  ever>^  mile  run,  in  order  to  give  sufficient  points  tow4iich 
to  tic  future  levels,  Mark  in  large  figures,  in  a  conspicuous  place  w^hen 
possible,  the  elevation  to  the  nearest  foot.  Make  notes  opposite  all  ele- 
vations at  crossings  of  roads,  railroads,  streams,  bridges,  and  in  front  of 
railway  stations  and  public  buildings,  and  of  such  other  facts  as  may  aid 
the  topographer  in  his  work, 

13,  All  permanent  bench-marks  must  be  on  copper  bolts  or  bronze 
tablets  let  in  drill-holes  in  masonry  structures  or  in  solid  rock,  or  be  on 
the  iron  posts  adopted  by  this  Survey.  The  figures  of  elevation  must 
be  stamped  well  into  the  metal,  to  the  nearest  foot  only,  also  name  or 
initial  letter  of  the  central  datum  point, 

r4.  A  complete  description,  accompanied  by  a  large-scale  sketch, 
must  be  made  of  each  bench-mark,  giving  its  exact  elevation  as  computed 
from  the  mean  of  the  two  sets  of  notes.  After  bench-marks  are  stamped 
both  levelman  and  rodman  must  examine  them,  and  record  in  note-books 
the  figures  stamped  thereon. 

15.  The  limit  of  error  in  feet  should  not  exceed  ,05  f^distance  in  miles. 

16.  Use  the  regular  Survey  level-books;  keep  full  descriptive  notes 
on  title-page  of  every  book,  giving  names,  dates,  etc.  Each  man  should 
be  responsible  for  his  own  note-book  ;  and  under  no  circumstances  should 
erasures  be  made,  a  single  pencil-line  being  drawn  through  erroneous 
records. 

17.  When  errors  are  discovered  as  the  work  progresses,  report  the 
same  at  once  to  the  topographer  in  charge. 
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18.  Keep  each  set  of  notes  separately  and  independently  as  taken, 
paying  no  attention  whatever  to  other  notes  except  to  compare  rcsults. 
If  on  comparison  errors  are  discovered,  correct  them  only  by  new  obser- 
vations or  computations.  All  notes  must  be  recorded  directly  in  note- 
book. Separate  pieces  of  |mper  for  figuring  or  temporary  records  must 
not,  under  any  circumstances,  be  used. 

19.  In  long,  single-rodded  lines  make  two  target-settings  on  each 
turning-point,  by  first  signaling  '*  up  "  or  "down  "  to  a  setting,  which  is 
recorded  by  the  rodman,  then  unclamping  and  signahng  in  the  opposite 
direction  to  a  setting-  If  the  two  differ  more  than  .002  of  a  foot,  addi- 
tional readings  must  be  made.  The  rod  man  should  record  all  readings, 
using  in  his  computations  only  the  first  of  the  pair  adopted,  and  the 
level  man  the  last. 

20.  Dot  BLE-kODDED  Lines.— In  running  unchecked  or  single  primaiy^H 
lines  with  two  rod  men.  they  should  set  on  turning-points  Jot0  2ofcetaparV^| 
but  each  at  equal  distances  for  foresights  and  backsights ;  otherwise  the 
above  instructions  are  to  be  followed  with  the  following  modifications: 

21.  The  tripod  clamping-screws  should  be  loosened  when  the  instru- 
ment is  set,  and  tightened  only  after  the  legs  are  firmly  planted,  and  the 
instrument  must  be  shaded  at  all  times  by  the  bubble-tender. 

22.  The  laborer  should  place  the  steel  turning-points  for  foresights 
and  then  return  and  not  remove  the  backsight  points  until  the  levclman 
has  set  targets  on  the  new  foresi;;ht.  so  tliat  there  shall  lie  in  the  ground 
at  all  times  two  turning-points  the  elevations  of  which  are  known. 

23.  Bench  marks  left  at  term iimt ion  of  work  at  night,  or  for  rain  or 
other  causr,  should  be  practically  turning-points  in  a  continuous  line* 
They  should  consist  of  large  wooden  pegs  driven  below  the  surface  of  the 
ground,  with  a  copper  nail  firmly  embedded  in  the  top.  One  of  these 
pegs  is  to  be  used  as  the  final  turning-point  for  each  rodman.  They  are 
to  be  covered  with  dirt  or  otherwise  hidden,  their  location  being  marked 
by  sketches  in  note-books  showing  relation  to  railroad  ties,  telegraph- 
poles,  etc. 

24.  .^n  index-book  or  list  of  bench-marks  must  be  kept  posted  in  the 
field,  in  ink.  for  all  classes  of  leveling  done.  In  these,  location  sketches 
of  permanent  bench  marks  may  be  made,  and  descriptions  should  in 
every  case  refer,  with  distance,  to  some  village,  section  corner,  or  other 
place  of  local  importance.  All  circuit-closn re  errors  ^hDuld  t>e  distinctly 
noted,  with  cross-reference  by  page  to  the  connecting  lines. 

138.  Note-books.— Where  the  leveling  is  for  a  line  of  rail- 
way or  canal,  elevations  are  taken  at  every  one  hundred  feet 
and  at  intermediate  points  to  note  sudden  changes  in  slope  or 
at  stream  crossings  and  similar  feature.s.    The  more  usual  ruling 
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in  a  level  note-book  is  to  have  one  page  divided  into  several 
columns^  the  opposite  page  being  left  free  for  remarks  and  for 
a  plot  of  the  level  line,  showing  position  of  turning-points^ 
road  and  stream  crossings,  etc. 

LEVEL   NOTES. 


Date,  Sept.  36,  1898. 

DitL8.S. 

Dbt.  F.  S, 

Backsiffht. 

H.I„  Feeu 

Foreaistii. 

Feet, 

Sta, 

55 

55 
45 
55 

Morehouse 

10.721 
0.786 
0,801 

ville  10  Pis 

1921 -J  50 
1913.998 
l902«St5 

eco,  N.  Y. 

7  938 
11,984 
IO.5S7 

1910.429 
1913.212 
1902.014 
1892.22S 

I 

2 

In  the  first  or  station  column  are  placed  the  letters  "  B.  M,'* 
with  number,  for  bench-marks,  and  '*  T.  ?/' with  station  num- 
ber,  to  indicate  the  position  of  turning-points.    In  the  backsight 
column  is  placed  the  reading  observed  in  backsighllng  on  any 
becich-mark  or  turning-point*    In  the  height  of  instrument  col- 
umn is  placed  the  height  of  the  line  of  colUniation  of  the  instru- 
ment as  obtained  by  adding  to  the  last  recorded  elevation  h\  tlie 
fifth  column  the  reading  of  the  rod  recorded  in  the  backsight 
column.      In   the  foresight  column   is   placed   the  reading  of 
the  rod   recorded  at  each   of  the   intermediate  stations,  and 
next  to  it  in  the  elevation  column  the  elevation  is  obtained 
by  subtracting  the  foresight  from    the   height  of  instrument ; 
also  the  reading  of  the  rod  at  the  foresight  on  the  next  turn- 
ing-point or  bench*mark  is  obtained  by  subtracting  the  fore* 
sight  from  the  height  of  instrument.      Not  uncommonly  the 
notes  in  the  book  are  kept  by  having  the  foresight  and  eleva- 
tion of  the  next  turning-point  recorded  on  the  line  below  that 
on  which  the  backsight  and  height  of  instrument  and  the  last 
turnmg- point  are  recorded, 

139,  Platting  Profiles — For  purposes  of  construction  and 
in  order  that  levels  may  be  more  readily  interpreted,  the 
notes  are  platted  on    what  is  called  cross-section  or  profile 
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paper  so  as  to  show  graphically  the  undulations  of  the  surface 
passed  over.  There  are  numerous  forms  of  ruling  for  profile 
papers  which  arc  kept  in  stock  by  various  dealers  in  mathe- 
matical instruments,  the  more  common  being  a  vertical  ruling 
which  divides  the  paper  horizontally  into  spaces  about  \  inch 
apart,  while  the  horizontal  divisions  or  elevations  are  shone 
by  vertical  spaces  of  like  size,  but  heavily  ruled  and  divided 
into  five  smaller  spaces  by  finer  ruled  horizontal  lines. 

In  platting  the  profile  a  convenient  elevation  is  assumed 
for  the  bottom  horizontal  line,  perhaps  sea-level  or  some 
datum  which  will  be  the  lowest  point  on  the  line  of  the  route 
leveled,  and  opposite  it  may  be  marked  zero  as  datum  or  its 
elevation  above  sea-level,  if  this  is  known.  For  railway  or 
canal  work  where  construction  is  to  follow,  it  is  usual  to 
assume  one  foot  as  the  smallest  vertical  interval  of  the  profile- 
paper,  and  ID  feet  as  the  smallest  horizontal  interval,  the 
proportion  then  being  5  feet  of  vertical  to  1  of  horizontal,  or 
5  to  K  Various  other  proportions  may  be  used,  a  greater 
disproportion  of  vertical  to  horizontal  being  employed  to  ac- 
centuate the  irregularities  of  very  rough  country*  each  hori- 
zontal division  being  assumed  as  10  feet,  or  100  feet,  or  a 
fraction  of  a  mile,  as  the  case  may  be.  The  distance  to  each 
turning-point  or  station  at  which  the  elevation  is  determined 
is  that  ascertained  by  counting  the  vertical  lines  from  left  to 
right,  and  above  it  the  corresponding  elevation  is  platted  by 
counting  from  the  datum  or  base  line  the  proper  number  of 
horizontal  lines. 


CHAPTER  XVL 


LEVELING   OF   PRECISION, 


X4a  Precise  Leveling,— When  for  any  reason  it  is  neces- 
sary lo  determine  elevations  with  the  greatest  precision  attainable, 
as  in  government  work  along  the  Mississippi  and  Missouri  rivers, 
and  where  elevations  have  to  be  carried  great  distances  from 
the  ocean,  in  order  to  give  datums  on  which  to  base  other  levels 
as  the  primar)'^  level  of  the  U.  S.  Geological  Survey  or  the  geodetic 
investigations  of  the  U.  S.  Coast  Sur\Ty,  spirit -leveling  is  executed 
by  methtxls  which  differ  materially  from  those  just  described. 

In  the  United  Stales  three  methods  of  precise  leveling  have 
been    practiced    by    three    different    government    organizations. 
One  of  the  oldest  and   most  salisfactorv^  is  that  employed  by 
jhe  U.  5.  Engineers  on  the  Mississippi  River,  and  is  an  adapta* 
lion  of  the  European  modes  of  leveling,  in  which  a  Swiss  instru- 
lent,  the  Kern  level,  is  used  and  a  speaking-rod  is  employed. 
^Thc  U\  S.  Coast  and  Geodetic  Sunry  devised  a  peculiar  instrument, 
called  a  ** geodesic"  level,  which  was  exclusively  used  by  them 
in   connection  with   the  target-rod  prior  to    igoo.     The   U,  S, 
7eologkal  Survey  used,  prior  to  1904,  a  mod ifiai lion  of  an  in- 
f«trumeni  originally  designed  by  Mr,  Van  Onlen  of  the  Coast 
Survey,  and   employed    purely   spirit-leveling    methods,    using 
either  target-  or  speaking-rods.     In  1900  the  Coast  Survey  de- 
signed and  adopted  a  bimxrular  prism  level  with  speaking-rods 
^graduated   to  meters,  which  has  given   more  successful  resuUs 
than   ever   before    attained.      In    1904    the    Geological   Survey 
adopted  the  same  instrument  but  with  a  speaking-rod  divided 
10  yards,  for  convenience  in  reducing  to  feet  by  dividing  by  three 
for  the  three  horizontal  wires.     The  discarded  geodesic  level 
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is  fully  described  in  varbus  reports  of  the  Coast  and  Geo- 
detic Survey,  as  well  as  in  Johnson's  '*  Surveying"  and  Baker's 
**Engineer*s  Suneying  Instruments,"  and  will,  therefore,  not 
be  described  in  detail  here*, 

141-  Binocular  Precise  Level. — In  1900  a  new  tj-pe  of 
precise  level  was  adopted  by  the  United  States  Coast  and  Geodetic 
Sur\Ty,  which  is  doubtless  the  most  accurate  instrument  ever 
devised  for  the  work.  The  principal  characteristics  which 
distinguish  it  are  the  irreversibility  of  the  telescope  and  Icwl, 
the  absence  of  Y's,  the  rigid  fastening  of   the  level-vial  to  the 

telescope  and  its  close  juxtaposition 
to  the  latter,  in  the  barrel  of  which 
it  is  countersunk;  the  use,  10  the 
construciion  of  the  telescope  and 
adjacent  pirts,  of  a  nickel- iron  alloy 
having  a  very  small  coefficient  of 
expansion;  the  protection  of  the 
level- vial  and  the  middle  part  of 
the  telescope  from  sudden  and 
Fig.  locxi.— Skction  of  Binocular  unequal  changes  of  temperature  by 

incasing  Ihem  in  an  outer  tube;  and 
an  arrangement  by  which,  without  any  change  of  the  obser\x*r*s 
position,  the  level-bubble  can  be  clearly  seen  by  his  left  eye  at 
nearly  the  same  instant  in  which  the  distant  rod  is  observed 
through  the  telescope  by  his  right  eye. 

It  has  been  found  that  one  of  the  principal  sources  of  error  in 
some  of  the  precise  leveling  of  the  past  was  due  to  unequal  changes 
of  temperature  in  the  telescope  and  parts  connecting  it  wiih  the 
level-vial.  The  momentary  changes  in  the  relative  positions 
of  the  level-vial  and  telescope  produced  by  these  temperature 
changes,  though  microscopic  in  magnitude,  were  yet  sufficient 
to  introduce  appreciable  errors  into  the  leveling  on  long  lines. 
The  particular  nickel-iron  alloy  used  in  the  construction  of  the 
lew  level  expands  less  than  one  fourth  as  much  as  brass  for  a 
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^vcn  increase  of  temperature.  This,  together  with  the  fact 
il  the  le^-el  is  mounted  us  close  as  possible  to  the  line  of  sight, 
jivi'^  a  vtrry  high  degree  of  stability  to  the  relation  between  the 
no. 

142,  Precise  Spirit  level. — The  adjustments  of  precise  levels 
"do  not  differ  essentially  from  those  of  ordinary'  Y  levels.     In 


Fig.  1006.— TeE  Coast  Sd*vby  Binocxtlae  pREeist  Level. 


the    latter    the    less    important    adjustments    are    neglected    as 

L*in{^    less    than    the   degree    of   accuracy    aimed    at;     but    as 

extreme  accuracy  is  desired  in  precise  leveling;   everv'  adjust- 

lent   must  Ix-  carefully  made,  even  though   the  instrument  is 

ied    in    such    manmr    as    to    eliminate    errors    of   adjustment. 

kccnr^lingly,    the    instrument    is    adjusted    as   neariy    as    prac- 
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ttcable,  and  then  the  errors  of  instrument  ate  detenntned  and 
each  single  obser^^ation  corrected  for  these  errors.  As  the  in- 
equality' of  the  diameters  of  the  collars  cannot  be  clinninatcd  by 
a  s>'5tem  of  double  observations,  since  the  line  of  vertical  axis 
is  invariable,  it  is  practically  eliminated  from  the  final  result 
by  reading  equal  foresights  and  backsights.  Although  the 
inequality  of  the  diameters  of  the  collars  cannot  be  eliminated 
by  double  readings,  it  can  be  determined  by  observations  with 
a  striding-levcl,  as  in  the  case  of  the  astronomic  transit,  and 
can  be  applied  as  a  correction  to  the  rod  readings  where  a 
system  of  double-rodding  is  employed. 

The  precise  tnel  used  by  the  U*  S.  Geological  Survey 
prior  to  1904  Is  made  by  Messrs.  BufT  and  BcrgcT  of  Boston, 
One  of  ihe  fcalures  of  this  level  is  a  very  firm  tripod  with  split 
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Fio,  101. — Precise  SriRiT-tKvu^ 


legs,  so  as  to  give  a  broad  head  and  correspondingly  firm  bese 
for  the  support  of  ihe  instrument.  (Fig.  101.)  On  the  head 
the  level  is  supported  freely  by  three  leveling  screws,  and  it  is 
clamped  to  the  tripod-head  by  a  stout  center  screw  when  not 
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[in  use.  The  tdescope  has  an  aperture  of  i\  inches  and  magni* 
fying  power  of  ^o  diameters,  and  is  inverting.  It  likewise  ro- 
laics  in  vertical  plane  by  means  of  a  milled -head  screw  nearly 
under  the  eyepiece 

143.  Instructions  for  Precise  Leveling.— The  following  are 
the  instructions  governing  precise  and  primary  leveling  in  the 
U.  S.  Geological  Survey,  using  prism  level  and  yard  rod: 

t.  The  stadia  value  and  value  of  thread  Intervals  should  bo  determined 
by  observation  on  a  measured  bage  before  using  level.  The  extreme  i^ires 
should  be  fixed  to  cover  7  yard?  at  1000  feet.  The  mean  of  the  two  thread 
intervBla  in  tbousaodtbi  of  a  yard  will  then  be  the  distance  to  rod  in  feit. 

•7.  T1)e  distance  between  successive  standard  bench* marks  should  not 
exceed  4  miles  and  must  not  average  more  than  3  miles. 

3.  Standard  bench-marks  along  a  railroad  or  highway  should  be  placed 
outdde  the  right  of  way. 

4.  Endeavor  to  set  standard  bench-marks  within  one-tenth  foot  of 
the  marked  elevation.  The  figures  of  elevation  to  the  nearest  foot  only 
must  be  well  stamped  into  the  metal  cap. 

5.  Place  standard  bench-marks  near  all  important  lakes  and  refiervoim. 
Wherever  it  is  impossible  tu  make  the  standard  ben  eh- mark  a  turning  point 
in  the  line^  two  temporary  marks  muFt  be  left  and  the  line  tied  to  both 
when  setting  the  standard  mark.  Connect  when  passible  ^ith  two  or  more 
bench-cnafks  when  starting  or  closing  a  line. 

6.  Secondary  bench -marks  may  \yc  chi**eled  equares  or  crosses  on  solid 
or  masonry*  or  a  nail  or  spike  may  be  driven  tn  a  t  tic  graph  pole,  mile- 

or  tree.  Select  a  place  where  the  mark  will  not  likely  be  disturbed, 
preferably  near  road  junctions.  These  should  be  conppicnously  marked 
with    large    figures^    with    white    or    red    paint.     The  proficr    marking    is 

US 
(elevation) «    Where  there  are  no   natural   objecta  for  benth-markF,  pieces 

BM 
of  one-inch  in^n  pipe,  about  20  inches  long,  may  be  used.  Make  full  notes 
opposite  all  elevations^  at  crossings  of  railroads,  summits,  bridges,  and 
junction  of  roads,  and  in  front  of  railway  stations  and  public  buildings. 
The  date,  time»  and  depth  of  watej"  should  be  included  in  deflcripttons  re* 
tating  to  water-surface  elevations, 

7.  In  primary  work,  contour  crossings  should  be  indicated  by  marked 
stakes  or  otherwise.  The  same  side  of  the  road,  preferably  the  Dorth  or 
east,  should  always  be  used  for  theee  markings. 

8  Establish  temporary  bench-marks  at  distances  ranging  from  A  to 
J  \  miles. 

9.  Connect  lined  with  all  possible  bench-marks  of  cities,  railroads,  or 
other  organiratron 


wben 


330  LEVELLXG  OF  FRECISIOX. 

10.  Old  beiich-markj?  are  to  be  fully  described.  For  preciae  leveling 
oomputatbii,  use  old  name  or  letter, 

11.  Complete  deftcriptioim  of  bench-markis  and  useful  elevations  must 
be  kept  in  ink  in  field  note  book  9-940  and  should  be  copied  in  descriptk)!! 
book  9  916  at  close  of  each  day's  work.  A  sketch  should  be  mude  of 
standanl  bench-mark  location/*  in  both  books,  and  descriptioDA  written  in 
the  following  form: 

First,  Name  of  the  nearest  post-ofiice,  town,  or  village,  or  other  well- 
known  named  locality,  with  direction  and  distance  to  the  bench-nuirk  in 
miles  and  tenths;  or,  township,  rungiv,  and  section  in  which  bench-mirk 
stands,  with  direction  and  distance  from  nearest  corner. 

Second.  Position  w^ith  reference  to  buildings,  bridges,  mil&-po«t«,  street 
or  road  corners. 

ThinL  Description  of  object  on  which  the  bench-mark  is  placed — tree, 
ftoulder,  bridge,  etc, 

FoutifK  The  nature  of  the  bench-mark,  whether  bolt,  mark  on  rock, 
aluminum  tablet,  post,  etc.,  and  how  marked  or  staimped.  For  standard 
bench-marks,  give  figures  and  datum  letters. 

12.  Keep  descriptions  in  the  order  in  which  the  bench-marks  ooour; 
if  standard  lj»encii-mark«  are  not  establisheil  when  the  line  is  first  run,  spaces 
should  be  reser^'ed  in  description  books  for  them  in  their  proper  order. 
Give  at  frequent  intervals  a  brief  de^eripr  ion  of  line,  especially  when  chang- 
ing direction.  Wlien  circuits  are  closed  give  complete  descriptbns  of 
closing  point,  closure,  old  and  new  elevations,  and  page  reference  to  con- 
nect ing  points.  Make  a  plat  of  all  lines  or  circuits  on  a  page  near  the  buck 
of  the  description  book  for  each  atlas  sheet  or  group  of  circuits  and  indicate 
the  names  of  enough  places  to  readily  identify  the  line.  If  there  are  public 
land  surveys  show  the  pf>sition  of  the  line  witli  reference  to  the  township 
and  section  lines.  Alongside  of  each  line  give  reference  to  page  where 
notes  are  recorded.  Level  men  should  mark  the  elevations  on  a  map,  al«> 
the  page  and  book  in  which  the  iiote^  are  recorded.  This  map  is  to  be  filed 
with  field  material. 

13.  All  new  bench-marks  on  precise-level  work  are  to  be  designated  by 
capital  letters  for  computation  reference,  vviih  subscripts  if  necessary.  On 
primary  work  no  such  designation  is  required. 

14.  The  elevation  of  the  top  of  rati  in  front  of  each  railroad  statkrn 
junction,  and  important  imilch,  and  at  secondary  stations  without  build- 
ings opposite  Bign  boards,  must,  be  detennined  by  reading  from  the  nearest 
instrument  station,  and  recordetl  with  ** backward"  or  "forwanl*'  added 
to  flibow  direction  to  rod  from  instnwnent. 

15.  Take  turning  points  on  marked  points  on  top  of  rail  when  leveling 
along  railroad. 

16.  Provide  rodmen  with  stc^el  tuming-i>oint  pin,  to  be  secured  on 
requisition,  to  be  used  away  from  railways, 

17.  The  maximum  length  of  sight  jwnnisijible  Is  360  feet,  and  1 
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U  to  be  ttttaineii  only  under  the  most  favorable  conditions.     An 
eption  to  this  nile  mny  b^  maile  when  crossing  rivers  or  deep  ravines; 
Much  cuHC**  prot-vt**!  thiih:    Establish  tvirning  points  on  both  sides,  set  up 
\vve{  at)OUt  20  fc*«t  from  each  turning  point  in  turn,  taking  in  first  position 
i  liacksight  to  nc4tr,  and  foresight  to  distant  point:    then  cross  stream  or 
^lley  und  take  a  btckwiplil  to  distant,  and  foresight  to  near  point.     The 
enn  of  thetit»  tictemiinatiofis  of  elevation  will  b«*  the  true  one.     The  instru- 
rn^'nt  should  )>e  mounted  and  stakes  so  placed  that  the  center  wire  will 
Jl  about  center  of  rod  and  if  the  greater  sight  exceeds  1500  feet  improvised 
ts  should  be  made  of  cardboard  and  rubber  Imnds  and  several  settings 
I  by  raising  and  lowering  an  equal  niuiiber  of  times  to  image  of  center 

18.  The  level  must  be  shaded  by  an  umbrella  during  observations  and 
ti  cloth  hood  when  n^rritnl  l»etween  stations. 

IQ.  The  ret'order  must   cotnpute  and   record  the    thread   intervals  for 
rk(!iight8  anil  foresight.-^,  also  the  continuous  simiSj  on  precise  leveling,  for 
the  section  between  bench-marks,  and  for  the  page  on  primary  leveling. 
20.  In  primar>'  work  endeavor  to  equalize  sums  of  foresight  and  back- 
ght  intervals  daily. 

2t.  In  precise  work  the  maximum  aUowable  difference  Ijetween  a  back- 
phi  and  the  corresjjondinji  foresiglit  mean-thread  inter\'al  is  0.033  yard 
[*-3jl  foet  distance).  The  ci>utinuouH  sums  of  nxl  inter%alK  for  the  section 
Hwecn  bench-marks  mui^t  not  \w  allowed  to  differ  more  than  o.i3>  yard 
(  —  66  feet  dijstance)^  and  they  nhould  lie  kept  as  nearly  e<[ual  as  practicable. 
22.  Primary  level  lines  must  W  in  circuits  when  practicable.  When 
I,  each  line  must  be  rerun  in  opposite  direction.  Errors  of  cloemre  of 
cuffs  in  feet  should  not  exceed  o.o4V^length  of  circuit  in  miles,  which 
^uids  o.o56\/di6tance  between  bench-marks  in  mileSj  for  forward  and  back- 
ward lines. 

23*  Precise  level  lines  must  consist  of  lines  run  independently  in  both 
forward    and    backward    direction,      The    allowable    error   in  feet  is 


st'V^diaiaiice  between    bench-marks   in    miles,   atid   when    this  limit   is 

tce*»tfled  on  any  section  the  forwant  or  backward  measure  is  to  be  repeated 

:»til  a  pair  nm  In  opposite  dire<'tions  is  obtaineti  between  which  the  di- 

rrgence  falls  within  that  limit.     The  last  set-up  of  one  nmniug  must  not  be 

i  Af  the  first  set-up  of  a  return  ruiming. 

94.  Oti  precise  work,  if  any  measure  over  a  section  differs  more  than 
»:>  foot  from  the  mean,  that  measure  shall  be  rejected.  No  rejection 
II  he  made  on  aeeount  of  a  residual  smaller  than  a.02  foot. 
25.  On  precise  level  work,  whenever  a  blimder,  such  as  a  misreading  of 
ae  yard  or  one-tenth,  or  im  interchange  of  sights,  is  discovered  and  the 
'  correction  applied,  such  measure  may  be  retained,  provided  there 
ar*  at  least  two  other  measures  over  the  same  section  which  are  not  subject 
to   »ny   uncertainty.     It    is   especially   desirable   to   make   the  bat^kward 
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mumaemeni  in  an  afternoon,  if  tbe  forward  mearavemeiit  was  nude  in  t 
forenoon,  afid  vice  versa.  The  observer  iliottkl  aeeare  u  mueh  diffeKoee 
of  attncMipheric  conditioDD  betweeo  the  measurenieoU  as  Is  poesible  wiUiotii 
malermilly  delaying  the  work  for  that  purpose* 

76    At  alternate  statioa<9  on  precise  work  the  foresi^t  te  to  be 
before  the  backsight,  t,e.»   always  take   reading  upon  the  saim 
first. 

27.  When  the  level  is  on  the  tripod  be  sure  Uiat  the  central  clajnp  screw 
is  tiglit. 

28.  Keep  the  telesoope  off  of  the  micrometer-screw  bearing  while  carry- 
ing between  stationa 

29.  Leave  the  three  tripod  wing-nuts  loose  when  carryixtg;  clamp  tight 
when  tripod  is  in  place  for  work. 

30.  The  program  at  each  eet^up  is  as  follows:  After  the  tripod  « 
set  and  the  clamp-screws  tigthened.  level  approximately  by  the 
level  (which  has  been  adjusted  hy  comparison  with  the  long  leveh.  PoinI 
instrument  towards  rod  and  clamp;  bring  level  bubble  to  center  of  tube 
by  means  of  the  micrometer  screw.  Read  on  rod,  taking  first  the  color 
initials  for  the  lesser  and  greater  extreme  readings;  second »  yaids  and  tent  lis 
for  each  wire,  taking  smallest  readings  first;  third,  repeating  and  reading 
yards,  hundredths,  and  estimated  thousandths.  Before  leveJ  is  mo^'ed 
recorder  should  first  notice  that  color  agrees  with  yard  readings;  second, 
compute  the  two  thread  intervals  and  if  their  ratio  differs  more  than  one 
per  cent  from  the  true  ratio,  the  levelman  must  repeat  the  readings;  third, 
compute  the  mean  reading  in  feet  by  summation  and  XeM  units  and  tenths 
by  mentally  multiplying  the  middle  reading  by  3.  After  an  agreement  is 
reached  proceed  similarly  in  taking  the  other  readings. 

31  TrVTien  work  is  com  me  need,  and  at  least  once  a  day  thereafter,  the 
adjustment  of  the  level  must  be  tested  by  the  **peg  method"  as  follows: 
At  some  convenient  set-up,  after  the  usual  backsight  and  foresight  readings 
have  been  recorded,  copy  the  foresight  on  a  separate  line  as  a  new  foresight, 
leave  the  foreflight  pin  in  place,  and  set  a  second  turning  pin  about  30 feet 
back  of  the  instrument;  reiuj  rtxl  on  it  for  a  new  backsight;  find  from  these 
distant  and  near  rod  readings  the  mean  readings  in  feet  as  usual.  Mo^'e 
the  level  forward  to  a  set-up  about  30  feet  back  of  foresight  pin,  take 'read- 
ings en  foresight  and  then  on  backsight  pin.  The  constant  C,  which  is  a 
factor  of  the  adjustment  correction,  must  be  determined  thus: 

^       8um  of  near-rod  readings  in  ft.— Sum  of  distant-rod  readings^Jo^ft* 
3(Sumof  distant-rod  intervals  in  yds. — 8um  of  near-rod  intervals  in  yds.) 

The  rod  interval  to  be  taken  for  any  sight  h  the  difference  of  extreme 
wire  readings 

^^'hen  the  sum  of  the  near-rod  readings  is  the  greater,  the  sign  of  C  will 
be  ^  and  vire  versa  Clreut  care  nmsi  iie  taken  in  }>otnting  off  decimals 
and  in  giving  pmper  signs.  If  the  resulting  value  for  C  numericaily  mcooeds 
0.005,  ^^  adjustment  should  be  made  by  changing  the  position  of  the  levd 

*  A  correct  ion  rouvt  be  Appliod  to  the  sum  of  distjuit-fod  t«Adini^  for  ctuvalim  ami 
refract  lOD.     Sm  tabto  XX  \1,  p.  MO. 
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EXAMPLE  OF  COMPUTATION  OF  C 
\  actually  to  be  made  in  the  field  in  accordance  with  the  instructions. 
Dderrnin^lwn  of  C\  8*20  a.m.,  Aug.  28,  1905, 


^m)a\^t. 

Foresinht. 

Tlir.  RdK, 

Thr  Int. 

Sum  T.  R. 

Sum  T,  R. 

Thr.  Int.  ^ 

ThrRde- 

1      I    5'5 

I  .528 

0.013 
0.014 

4-585 

7.071 

1    385        I 

I   385 

3.865 
4.585 

8.450 
8,4555 

0.105 
0,104 

0-357 
0.462 

I    542 

2.352 
•  •357 
2.462 

0.0.27 

0.105 
0,105 

0.209 

0  012 
0.013 

0,566 

1.276 
t.288 

O.JIO 

0.209 

0.025 
0,037 

1    ^Ql 

I 

0.419 
0.052 

8456^ 
-0.0005% 

0,052 

1 

0.367  yds. 
3 

4 '4555 

s-TOi)-  .oo55(-o.oo5 

■ 

1. 1 01  feet 

-^—  —  2\o  feet  sum  far  distances, 
o  002 

^bubble  only,  as  follows:  Point  to  a  distant  rod  with  the  bubble  in  the  middle 
[>f  the  tube  Jind  read;  move  the  telescope  (by  micrometer  screws)  so  aj 
raise  I  he  middle  cross  wire  by  an  araoimt  which  in  yards  is  equal  to  C 
times  the  extreme  wire  interval.  While  holding  the  telescope  in  this 
rition*  bring  the  bubble  to  the  middle  of  the  tube  by  raising  (or  lowering) 
»rie  end  of  the  level  vial  with  the  luljiListmeTit  wrench;  if  C  is  negative,  the 
Eiiiddle  wire  must  of  course  h^  lowered  mi  the  rrHJ  .^fter  the  adjustment 
\%si»  been  made,  its  accuracy  should  be  tested  by  redetermining  the  vahie 
(\  It  is  desirable  to  have  the  determinaliorifi  of  (*  made  under  average 
onditions. 

J2.  In  case  the  threads  break,  and  the  level-tube  atljustment  has  not 
disturbed,  insert  new  spider  thread,'^  and  determine  a  vahie  of  C  aa 
"above  directed.     Compare  with  last  determiiiatioii  of  C  and  ml  just  for  the 
difference  by  changing  position  of  the  ring  only— not  the  level  bubble 

33,  On  preciae-level  work,  when  cotnmencing  work  for  the  day,  and  at 
bcfpjining  and  end  of  each  action,  recortl  time.  IleconJ  a  temf>enituro 
for  eadi  set-up,  using  thermometer  readings  alternately  for  each  rod. 
34  On  prinaary  work  recon!  lime  and  temperature  each  hour. 
35.  At  the  beginning  and  end  of  the  season,  and  at  least  twit*e  eurh 
rtfiooth  during  the  progress  of  the  leveling,  the  3  or  3.5  yard  interval  Ije- 
tween  the  metallic  plugs  on  the  face  of  each  level  rod  mu«t  be  measured 
efully  in  feet  to  the  nearest  thousandth,  always  the  same  with  tape  kept 
ihat  purpose.     Record  also  the  temperature. 
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j6    The  itKis  must  alwajrs  be  kept  coverecJ  when  not    in  use.      NelH 
let  pointed  8ule^  (ouch  the  ground.     Should  difficulty  be  found  in  hold|^| 
a  rod  ateiuly  beotius«e  of  wind,  two  pieces  of  bamboo  or  other  light  pollH 
8  fl.  long  may  l»e  held  by  oodniari  againftt  the  rod  ao  as  to  make  triaDguIif 
brace  against  the  wind. 

37.  Always  keep  the  phimbin^  levels  in  atijustnvent, 

38.  ComputalionH  re<pur\^d  must  be  made  at  bottom  of  each  pA^  of 
primary  notes,  and  at  end  of  each  section  of  precise  work,  each  ntght  of 
oftener,  if  convenient,  l>y  Ixith  levelman  and  reconJer,  independently.  Stun 
only  tJie  center  valuea  of  columns  1  and  7  at»d  obtain  a  check  by  ra^dtiplying 
the  sum  of  three  and  adding  the  algebraic  sum  of  excesses  of  lower  over  upper 
intervals,  which  should  e^jual  the  sums  of  columns  3  and  5  n?spectiveiy, 

39*  In  precise  leveling  it  is  not  necessary  to  complete  the  H.  I,  and 
elevation  oohimn,  but  the  difTerence  of  elevation  for  each  section  should 
be  computed. 

40.  The  field  computations  and  abstracts  (Forma  9-932  and  9-937) 
tnust  be  kept  up  tig  the  work  progreHses.  As  soon  as  each  book  of  original 
reconls  is  out  of  use  it  must  lie  sent  to  the  office  by  registered  mail*  and 
the  correfi|winding  abstracts  retainetl  in  the  field  until  information  is  re- 
ceived of  the  receipt  of  the  original  record. 

Special  Instructions  for  Usr  of  Pni«*M-LEVEL  Note   Books  No.  9-940^ 
WHEN  Used  for  Primary  and  Precise  Leveuno  RECtonD. 

Fill  in  blanks  on  fly-leaf  the  first  day  the  book  is  iLsed, 
Fill  ill  blanks  at  head  of  each  page  each  day  on  j/rectse  work,  denoting 
wnch-uuxrks  run   lx?tween   by  tlnnr  letter  or    number,   and  the    direction 
bade  ward  or  foni-anl  with  re/sjanl  to  direction  of  extending  double  hue. 

Each  horizontal  apace  Ijetweeii  two  red  lines  is  for  a  siuKle  set-up  of 
thf  level. 

The  notes  for  each  swtion  of  line  on  precise  work  must  be  complete  in 
themselves  and  commence  on  a  new  pa^e.  Every  primary-line  reeoni 
must  begin  on  a  new  paj^e  and  initial  t>ench-mark  be  fully  described- 
Counting  the  colmnnf*  fnmi  the  left  each  is  useil  as  follows: 
CoL  I  is  for  the  readings  on  roti  in  yaixls  for  the  three  stadia  wires,  the 
first  recorded  reading  being  for  the  wire  givinie:  lowest  vahie.  The  color 
letter  is  to  be  placed  alongside  the  first  and  last  reading.  Tlie  recorder 
should  notice  whether  the  color  as  recortied  corresponds  with  the  unit  called 
out  by  the  levelman,  and  he  will  be  held  responsible  for  errors  between  the 
recortled  color  InitiaLa  and  units.  Each  day  the  levelman  should  verify 
the  comparison. 

Col.  2  is  for  the  thread  intervals  for  the  threafl  readings  in  ODhttnn  i* 
the  upper  ones  l>eing  the  difference  l>etween  the  low^eat  readiness  and  the 
middle  ones,  the  lower  Ijeing  the  difTerence  l>etween  the  middle  and  the 
greatest  readings  of  each  set.     (See  also  a  following  paragraph.) 

Col.  3  is  ff>r  the  sxim  of  thread  readings  in  column  i  between  the  two 
horizontal  ruled  re^l  lines,  and  in  e<iual  tc»  the  mean  in  feet  of  the  tbree 
^reaclinps  on  nxl 

Cnh  4  with  the  exreplioti  of  the  hist  line*  is  not  intendfiHl  for  use 
pise-leveling   instructions,    but   can    be   used   to   compute    approxir 
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elr>%'jUioofi,  ftUing  out  oiiJy  at  bench -nmrka.      Qo  primary  work  th^  firet 
i^titiy  cm  the  pnge  ttl  the  le/l  of  the*  wonis  •*  Elevation  brrniitht  forwanl  from 

pu^i:^ .  /*  should  tM*  ihf*  pkvMtbn  fmm  a  pnevious  p:a^,  <»r  from  ariotfier 

bc»k.  In  the  Intl^r  fiise.  give  btnik  number  and  pa^e,  and  in  every  ease 
r;M^ftiUy  verify  the  cHUiyiiij;  The  second  entrj",  below  the  rerl  line  and 
above  the  aliort  black  line,  b  to  \ye  The  heifrht  of  the  instrument  as  found 
by  :uldvng  the  first  eutry  in  cohinin  3  to  the  first  elevation  in  r»»hiiiin  4. 
Ill*  thm.l  entry  in  eohunn  4  i»  the  elcvatian  eompuleii  by  *.ublriieting  the 
rir?.i  foresight  from  first  H.  I  Ifi  eiwh  ease  the  M,  1.  will  always  be  above 
H  abort  black  line  and  the  elevation  always  just  above  a  retl  line. 

CoIb.  5,  6,  and  7  an?  for  foit^iii^hi  reailinpps,  eorresftonding  with  3,  ^,  and 
I  for  bneksighi  readings. 

Col  S  b  for  reeord  of  temperature  and  time. 

Col.  9  is  for  correction  of  curvature  and  refraction  for  unequal  sights; 
ne^\  not  be  filled  out  in  the  field. 

t?oL  io  is  for  extra  foresi|;htti  at  points  whicsh  are  not  turning  poinis; 
alflo  for  their  num. 

Col  1 1  is  for  description  of  bench-marks,  for  elevations  from  ejttra  fore- 
ejght£«  for  transcripts  of  bench-mark  elevations  and  for  general  remarks 
'  e^tplanation. 
In  colli rnna  2  and  6  write  next  nlx)ve  the  reil  linejs  the  continuous  sums 
lof  the  fttjwiia  intervals  for  the  stretch.  The  «um  of  the  last  pair  of  con- 
]  linuous  sums  in  CMilumns  2  and  6,  divided  by  0,002,  will  be  equal  to  the 
LdiKtance  in  feet  for  the  page^  itsi  equivalent  in  miles  and  tenths  can  tje  ob- 
it ^incd  from  table  in  back  of  boi>k.  The  total  milejige  from  beginning  of 
ljKVf*V/n  on  precifie  and  oj  line  on  prinutry  work  must  be  given  at  t>otlom  of 
I  each  right-hand  page. 

On  primary  work  the  algebraic  sum  of  the  page  cxoeases  for  each  day 
[at  bacbsights  over  foresights,  with  letter  B  if  plus  and  F  if  minus,  ijhould 
be  written  in  lower  right -hand  corner  of  right-hand  page. 

Tlie  sum  of  readings  in  column  1  should  be  equal  to  those  in  3,  and  the 

,  sum  in  column  5  should  equal  that  in  7,  and  each  aliould  be  written  at  the 

Ijottom  of  the  page.     Their  tbfTerenee  Ahould   be  written  at   the    IxJttom 

I  of  Column  4,  and  this  should  e<|nal  the  difference  obtained  by  subtract ing 

;  the  first  from  the  Ux,st  elevations  in  column  4. 

The  formula  3C  (Col,  j-C'oL  6),  etc,,  at  the  bottom  of  the  right -hand 
page,  is  for  computing  the  correction  to  the  elevations  for  em>rH  of  Hd just- 
men  t  Thi,s  computation  nee<l  not  be  miide  in  the  field,  C  is  the  constant 
which  results  from  the  "peg  method"  adjustment.  By  {Col,  2-Co\  6)  is 
mesnt  the  difference  of  the  ''eontinuoua  sums  of  the  stadia  intervalfi"  df 
columns  3  axid  6 

Nates  should  be  kept  in  ink  and  under  no  circumstanees  should  erasures 
'  be  made,  a  single  line  being  drawn  through  erroneous  records. 

Levetmen  must  numlM»r  their  note  books  consetmtively^  using  nutntjers 
th^  do  not  conflict  with  ihnst-  ustd  by  other  Ifvehnen  for  the  eiame  locality. 

144,  Methods  of  RimniBg,  —  In  precise   levelin*^  a  double 

line  is  is  invariably  run  for  the  purpose  of  check  on  every 

bench-mark.     The  £/,  S.  Engineers  and  the  new  Coast  Survey 
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methods  adopt  a  sequence  which  is  that  already  described  for 
double  rod   for  ordinary  spidt-levels  (Art.  130).      For  speed 
tliey  use  two  rodmen,  and  the  levelman  backsights  on  rodman 
fli I ti^ 4 <^^    ^  I 

FlO.    104,— SlNCLE-RODDINC   WITH   TWO    ROOKSN.  ^^ 

A  at  rt,  (Fig.  104)  and  foresights  on  rodman  ^  at  ^,,  Then 
the  levelman  and  A  move  forward,  and  the  former  backsights 
on  B  at  ^,  and  foresights  on  A  at  a^.  This  is  a  single  line  of 
levels,  and  the  party  duplicate  their  own  work  by  rerunning 
over  the  same  line  in  an  opposite  direction  each  day. 

In  the  old  Coasf  Survey  method  the  levelman  backsights  on 
rodman  A  (Fig.  105)  at  the  turnjag-point  a,  ,  and  then  back- 


^  4 

F(G.   105.  — DuPLfCATE    RODDING,    BOTH    LlN'KS    DIRECT   OnLY. 

sights  on  rodman  B  at  the  turning-point  A,.  Both  A  and  B 
then  pass  him,  and  he  then  foresights  on  rodman  A  at  turn* 
ing-point  a^  and  on  rodman  B  at  ^^ ,  the  rear  turning-points 
a^  and  A,  being  left  in  the  ground  until  the  turning-points  a, 
and  (\  are  set. 

145,  Precise  Rods,  —  The  Coast  Survey  rod  is  of 
thoroughly  paraffined  wood,  and  the  bottom,  which  is  hemi- 
spherical is  set  in  saucer-shaped  turning-points,  the  curvature 
of  which  is  greater  than  that  of  the  rod  foot.  This  rod  is 
single  and  non-extensible,  12  feet  long,  and  divided  into 
fractions  of  a  meter  by  large,  easily  legible  markings.  At 
short  intervals  on  its  face  are  inserted  in  the  pine  wood  metal 
plugs  on  each  of  which  is  engraved  a  fine  line,  and  these  are 
the  zero  marks  on  which  the  vernier  is  read ;  it  being  believed 
that  these  lines  are  finer  than  divisions  can  possibly  be  made 
upon  wood.  The  rod  can  be  read  directly  to  thousandths  of 
a  meter»  and  by  estimation  to  one  ten«thousandth  of  a  meter. 


PRECISE  RODS. 
Elevation. 
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Fig.  io6. — U.  S.  Geological  Survey  Double-target  Level-rod. 
One-third  size. 
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The  U*  S.  Engineers  use  a  rod  made  of  one  piece  of 
wood  12  feel  in  length.  It  has  a  T-shaped  cross-section, 
a  foot-plate,  and  a  turning-point  similar  to  the  above. 
The  rod  is  self-reading,  that  is,  without  targets,  and 
graduated  to  centimeters.  Closer  records  are  made  by 
estimation  by  the  levelman,  since  there  are  three  hori- 
zontal cross- wires  in  ihe  instrumenl,  on  each  of  whitfa 
readings  are  made,  and  the  mean  of  these  is  the  value 
used. 

The  precipe  rods  used  by  thcU.  S.  Geological  Survey 
are  of  two  kinds,  target-rods  and  speaking-rods.  The 
doublc-iarget  rodsy  the  use  of  which  is  now  abandoned 
(Fig.  io6),  was  of  the  best  selected  white  pine,  well  sea- 
soned and  heated  lo  a  high  temperature,  when  they  are 
impregnated  with  boiling  paraflfine  to  a  depth  of  one- 
Lighth  inch.  The  rods  arc  a  little  over  lo  feet  long,  and 
the  graduations  arc  commenced  about  a  foot  from  the 
bottom  of  the  rod  to  prevent  readings  being  taken  t 
near  the  bottom  of  the  rod  because  of  refraction. 

The  single- target  rods  used  arc  similar  in  all  e? sent ial 
respects  to  the  double  rods  just  described,  but  have  only 
one  face  divided  and  one  target.  They  lack,  therefore, 
the  advantages  gained  by  speed  in  m^nipidation  with 
the  double  rods.  They  are,  however,  superior  in  speed 
and  accurac}^  to  other  forms  of  target-rods  (Fig,  96). 

The  precise  speaking  rods  now  exclusively  used  by 
the  U,  S.  Geological  Survey  are  an  adaptation  of  the  non» 
extensible  speaking-rods  of  the  Coast  Sur\'ey.  They  are 
made  as  above  described  for  Coast  Survey  rods>  except- 
ing that  they  are  divided  into  four  yards  mstead  of 
meters  and  can  be  read  direct  to  thousandths  of  a  foot 
(Fig.  107). 

146.  Manipulation  of  Instrument,— In  precise  level- 
ing several  important  details  of  manipulation,  although 
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_ apparently  triviuli  add  greatly  to  the  acciiracy  of  the  result,  in 
iddition  to  the  necessity  of  exactly  eqitalizing  sights  and  of  taking 

'care  not  to  refocus  the  instrument  without  adjustment,  care 
should  be  taken  to  loosen  the  instrument  from  the  tripod  by 

pfrceing  the  central  liolding-screw  after  the  tripod  has  been 
irmly  planted  in  the  ground.     The  instrument  then  rests  on 

[the  tripod  merely  by  its  own  weight  and  is  not  subject  to  the 

[torsional  strain  which  may  be  brought  upon  it  by  the  tension 

foi  the  center  holding-screw.  The  three  screws  which  bind 
the  wooden  tripod  legs  to  the  metal  tripod  head  should  be 
loosened  after  the  tripod  has  been  firmly  planted,  and  then 
retightened  before  the  observations  are  made,  so  as  to  obviate 
strain  in  the  tripod  and  its  head  due  to  any  twist  brought 
against  these  screws  in  planting  the  tripod.  After  giving  the 
final  signal  to  clamp  the  target,  the  instrumcntman  should 
lave  the  rod  replaced  on  the  turning-point,  should  again 
notice  the  level-bubble,  and  take  a  last  look  at  the  target 

^bisection,  calling  out  to  the  rodman,  *•  plumb/*  or  some 
similar  word,  at  the  moment  the  same  is  repeated  by  the 
rodman,  so  as  to  make  sure  that  the  rod  is  plun\b  at  the 
moment  of  target  bisection  and  after  the  target  has  been 
clamped. 

147.  Length  of  Sight. — There  is  a  limit  of  distance  at 
which  the  rod  should  be  placed  from  the  instrument,  which 
is  variable  and  is  dependent  chiefly  upon — 

1.  Magnifying  power  of  the  telescope; 

2.  Quality  of  work  being  done; 

3.  Atmospheric  conditions;  and 

4.  Sensitiveness  of  the  level-bubble. 
The   first   condition    affects   both    the    nearness  and  the 

\extrimt  distance  at  which  sights  should  be  taken.  If  the  rod 
is  too  close  to  the  instrument,  difficulty  will  be  experienced 
in  properly  setting  the  target  or  bisecting  the  divisions  of  the 
rod  if  the  latter  is  self-reading,  and  the  Icvelman  may  waste 
much  time  in  an  effort  to  find  too  close  a  reading.     There  is 
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also  sometifnes  difficult)'  in  focusifig  on  a  veiy  near  rod.  but 
above  all  is  the  slowness  caused  by  the  short  siVhts.  Effort 
should  therefore  be  made  to  take  as  long  sights  as  are  per- 
missible* In  fact,  the  four  classes  of  Itmitattons  above  speci- 
fied may  be  all  taken  to  limit  the  greatest  length  of  sight 
rather  than  the  least. 

The  second  Umitatton  to  distance,  the  qualiij^  of  the  work, 
gives  the  greatest  latitude  in  distance  of  sight.  If  rough  or 
flying  levels  are  being  run  and  only  turning-points  taken,  and 
these  as  far  apart  as  the  power  of  the  instrument  will  permit, 
or  if  the  rod  is  being  read  to  the  .Ol  or  even  .i  of  a  foot  for 
the  obtaining  of  approximate  elevations  only,  the  rod  may 
be  placed  at  as  great  a  distance  as  the  target  or  the  divisions 
upon  the  rod  are  clearly  visible,  providing,  of  course,  that 
the  greater  the  distance  of  the  rod  from  the  instrument 
the  more  nearly  the  foresights  and  backsights  shouid  be 
equalized. 

The  third  limitation  to  distance,  atmaspluric  conditions^  is 
one  of  the  most  important,  since*  when  the  atmosphere  is 
vibrating  rapidly  because  of  heat,  the  difficulties  of  accurately 
reading  the  rod  or  bisecting  the  target  become  so  great  as 
to  render  it  impossible  to  make  the  observations  within  the 
limit  of  a  rod  division,  the  cross-hairs  of  the  instrument  fre- 
quently dancing  over  several  thousandths  or  even  hundredths 
of  a  foot  on  the  rod  if  it  is  placed  at  a  considerable  distance. 
Accordingly,  as  heat  vibrations  increase,  the  lengths  of  the 
sights  must  be  diminished ;  and  it  is  not  uncommon,  in  very 
accurate  work,  to  have  to  reduce  sights  to  as  low  as  lOO  feet, 
and  even  then  the  results  of  a  rod  setting  may  be  in  doubt. 
Precise  leveling  should  not  be  carried  on  in  very  hot  weather 
or  when  the  atmosphere  is  vibrating  violently  from  heat  or 
other  causes. 

Atmospheric  conditions,  the  magnifying  power  of  the 
glasses,  and  other  elements  being  satisfactory,  the  true  limit 
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of  distance  is  fixed  by  the  sensitiveness  of  the  bubble.  For 
instance^  with  an  8-second  bubble  the  target  caa  be  set  with 
comparative  certainty  to  within  ,001  of  a  foot  at  a  distance 
of  a  little  less  than  300  fe^t.  Likewise,  with  a  4-sccond 
bubble  on  the  same  instrument  the  target  can  be  set  to  ,001 
of  a  foot  with  comparative  accuracy  at  a  distance  of  about 
400  feet.  Accordingly,  these  distances  for  the  instrument 
under  consideration  practically  fix  the  limits  of  distance  at 
which  the  rod  may  be  placed  under  favorable  atmospheric 
and  other  conditions*  The  ordinary  engineer's  level  has  a 
20-second  bubble   therefore   with     such    an    instrument    rod 

r readings  of  less  than  .01  of  a  foot  are  rarely  possible  with 
^ccuracy.  The  accuracy  of  the  same  instrument  is  greatly 
increased  by  use  of  a  lo-second  bubble.  It  may  be  stated 
that,  in  ordinary  engineering  levels,  sights  as  long  as  300  to 
500  feet  may  be  regularly  taken.  In  precise  levels,  how- 
^■ever,  350  feet  should  not  be  exceeded  even  with  an  instru- 
^Knent  having  a  2*second  bubble,  for  though  the  sensitiveness 
^^>f  the  bubble  is  increased,  the  other  functions  of  the  instru- 
'  mental  error,  atmosphere,  magnifying  power,  etc.i  do  not 
I       increase  in  equal  ratio, 

148.  Sources  of  Error. — The  operation  of  spirit-leveling 
involves  perhaps  more  varieties  of  errors  than  occur  in  the 
use  of  any  other  engineering  instrument.  Moreover,  these 
are  of  such  peculiar  kinds  as  to  involve  a  fine  distinction 
between  such  as  arc  compensating  and  such  as  are  cumula- 
tive.    The  sources  of  error  may  be  divided  into — 

1.  Instrumental  errors; 

2.  Atmospheric  errors; 

3.  Rod  errors,  including  turning-point  and  record;  and 

4.  Errors  of  manipulation. 
Among  instrumental  errors  the  most  important  is  perhaps 

that  due  to  the  line  cf  sight  not  being  parallel  to  the  level- 
bubble,    and    may    be    caused    by    imperfect    adjustment    or 
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unequal  st^e  of  the  rings  or  both.  If  the  telescope-sUdc  is 
not  straight  or  does  not  fil  well,  it  will  introduce  an  error. 
All  of  these  errors  may  be  eliminated  by  placing  the  instru- 
ment  midway  between  the  turning-points,  and  wherever  ac* 
curate  results^  as  in  precise  leveling^  arc  desired,  the  lengths 
of  foresights  and  backsights  should  be  exactly  equalized.  In 
precise  work  the  rrrf^r  of  the  tfUsci^ff-slid^  is  practtcalty 
eliminated  by  not  changing  the  focus  after  adjustment  of  the 
instrument.  This  would  necessitate  readjusting  the  instru- 
ment if  for  any  reason  the  lengths  of  sights  should  be 
changed  in  any  part  of  the  day's  run.  Another  source  of 
error  arising  from  the  instrument  is  produced  by  the  adhesion 
of  the  fluid  inside  the  glass  tube,  which  prevents  the  bubble 
from  coming  precisely  to  its  true  point  of  equilibrium.  This 
frequently  occurs  owing  to  the  crystallization  of  something 
which  is  contained  in  the  ether,  little  granules  or  cr^^staU 
forming  on  the  inside  of  the  glass  which  catch  the  bubble 
and  keep^it  from  running  smoothly.  Careful  microscopic 
examination  of  the  bubble  tube  may  show  these  crystals,  and 
if  discovered  it  should  be  discarded. 

The  most  important  of  atmosphcrk  errors  is  the  effect  of 
the  heat  of  (he  sun  on  one  end  of  the  telescope  raising  it  by 
unequal  expansion.  This  error  may  be  partially  eliminated 
in  ordinary  leveling  by  rapid  manipulation  of  the  instrument, 
so  as  to  leave  the  least  interval  in  which  the  sun  may  act. 
The  error  is  greatest  in  work  towards  or  from  the  sun  and  is 
cumulative;  for  if  on  the  backsight  the  Y  nearer  the  object 
glass  is  expanded*  thus  elevating  the  line  of  sight,  then  the 
other  Y  is  expanded  in  the  foresight,  thus  depressing  the  line 
of  sight.  This  is  a  much  greater  source  of  error  than  is 
ordinarily  recognized,  for  the  error  in  the  case  above  cited 
is  further  increased  on  the  foresight  by  the  cooling  of  the  Y, 
which  is  expanded  on  the  backsight.  The  sources  of  error 
due  to  this  cause  may  be  largely  eliminated  by  shading  the 
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instrument  from  the  sun,  and  this  should  be  done  in  careful 
nginccring  as  well  as  in  precise  leveling. 

Another  class  of  atmospheric  error  is  due  to  the  jarring 
r  shaking  both  of  the  instrument  and  of  the  rod  by  high 
mnds.     When  the  wind  has  become  so  high  that  in  looking 
through  the  telescope  the  cross-hairs  dance  to  such  an  extent 
s  to  prevent  accurately  sighting  the  target ;  or  when  it  is  evi- 
cnt  that  the  jarring  of  the  instrument  interferes  with  the 
|cxact  leveling  of  the  bubble;   or  when  the  rod  itself  vibrates 
o  such  an  extent  as  to  make  it  impracticable  to  exactly 
ight    it    by    the    instrument,    precise    leveling    observations 
hould  be  discontinued-     The  effect  of  high  winds  may  be 
artially  obviated  by  using  fine  wires  or  cords  held  by  men 
to  guy  the  top  of  the  rod,  and  they  may  be  obviated  in  the 
instrument    by  screening  it  either  with   an   umbrella,  wind- 
break, or  a  tent.      In  precise  leveling  by  the  Coast  Survey  on 
he  plains  of  Nebraska,  the  wind  has  been  so  high  continu- 
ously for  weeks  at  a  time  as  to  render  it  necessary  even  to 
work  in  a  high  wind,  and  the  harmful  effect  of  the  latter  ha*! 
been    neutralized    by   guying   the    rods   and    by   erecting   a 
shelter-tent  at  every  sighting.      In  running  along  the  line  of 
the  Union  Pacific  Railroad   a   shelter- tent   was  carried   on   a 
frame   on   a  hand -car   in    such    manner  that   the   instrument 
could  be   set   up   on    the  ground   under  the   tent,   and   thus 
scarcely  any  time  was  lost  in  the  operation. 

A  most  serious  atmospheric  error  is  that  due  io  frost,  or 
especially  a  frost  following  rain  or  melting  snow.  The  writer 
has  observed  instances  where  tripod  legs,  firmly  inserted  in 
the  frozen  ground  in  the  morning,  when  the  sun  was  causing 
rapid  thawing,  have  in  the  course  of  a  few  minutes — in  fact, 
during  the  time  the  instrument  was  being  sighted  after  level- 
ing— sunk  so  quickly  as  to  keep  the  bubble  continuously  \n 
motion,  thus  rendering  it  impossible  to  get  a  stationary  posi- 
tion of  the  bubble.     This  was  due  to  the  heat  of  the  meta> 
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tips  of  the  tripcMl^  warmed  while  the  instminent  was  car- 
ned  in  the  san,  thawing  the  sanomidtag  froxen  ground,  the 
water  ffom  which  acted  as  a  Itibricant  and  pennitted  the 
tripod  ta  sink.  Precise  leveling  should  not  be  conducted 
ttoder  such  circumstances;  for  not  only  is  the  instrument 
affected*  but  also  the  turning-points  on  which  the  rod  rests 
are  liable  to  some  movement,  howei'er  carefully  made  ;iiicl 
placed.  The  effects  of  damtmg  0/  ike  mr  and 'of  rr/ractwn 
are  referred  to  in  Articles  ill  and  152. 

Rod  amd  tMrmimg-fffimi  errors  are  of  the  same  kind. 
Among  the  latter  is  error  due  to  settlement  or  jarring  of  the 
tumtng-point  or  to  its  inferior  quality.  The  first  of  these  is  to 
be  guarded  against  only  by  using  tops  of  railroad  rails  as  rod 
supports  or  steel  turoing- points  and  driving  them  firmly  into  the 
ground  with  a  heavy  hand*sledge:  and  by  care  tn  placing  the 
rod  on  the  point  so  as  not  to  produce  any  impact ;  and  by 
carefully  wiping  the  bottom  of  the  rod  and  top  of  the  turning- 
point  prior  to  each  setting.  Errors  af  rmi  retiding  are  to  be 
guarded  against  by  the  le^elman  reading  the  rod  and  record- 
ing It  himself  when  he  and  the  rodman  pass,  so  as  to  get  a 
check  on  the  reading  of  the  rod  by  the  Utter,  also  in  dupli- 
cate rodding  by  the  two  rods  being  read  by  the  two  rodmen 
as  well  as  by  the  levelman. 

Lack  of  verikaliiy  of  rod  is  to  l>c  remedied  by  waving  it 
slowly  backward  and  forward  that  the  instrumentman  may^^see 
that  the  cross-hair  is  tangent  to  a  rod  graduation  at  its  highest 
point:  or,  better,  by  the  use  of  rod  levels,  two  of  whic 
arc  attached  at  right  angles  to  the  side  of  the  rod,  though  a' 
single  circular  level  may  be  employed.  In  the  use  of  these 
leveb,  that  which  determines  the  verticality  of  the  rod  later* 
ally  scarcely  need  be  noted  by  the  rodman,  as  the  vertical 
cross-hair  of  the  spirit-level  determines  it  in  that  direction. 
Another  source  of  error  in  rods  is  due  to  inaccurate  grad- 
uation. When  done  by  a  first-class  instrument-maker  anif 
tested  by  the  standards  which  he  has  in  his  possession,  tbi 
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source  of  error  is  generally  found  to  be  very  small,  yet  for 
precise  leveling  the  graduation  should  be  tested  by  means 
of  an  official  standard,  and  the  error,  however  small,  recorded 
and  applied  to  each  rod  reading.  Changes  in  rod  length  due 
to  variation  in  temperature  and  moisture  are  so  small  that 
they  may  be  disregarded  in  rods  made  of  the  best  quality 
of  well-seasoned  white  pine  treated  with  paraffinc  as  described 
in  Article  145. 

149.  Divergence  of  Duplicate  Level  Lines* — ^A  curious 
fact,  probably  first  noted  in  the  United  States  in  the  report  of 
the  Chief  of  Engineers  of  the  Army  for  1884,  but  since  fre- 

Rucntly  observed  by  the  \J,  S.  Coast  and  Geodetic  Survey,  the 
L  S-  Geological  Survey,  and   others  doing  precise  leveling, 
\  the  fact  that  when  duplicate  lines  are  run,  either  in  opposite 
ircctions  by  two  sets  of  levclers  or  by  the   use  of  a  single 
instrument   reading   on  two  rods,  the  discrepancies  between 
the  two  lines  have  an  average  tendency  in  one  direction  or  to 
ne  sign,  and  increase  with  the  distance.     In  other  words,  the 
o  lines  separate  as  they  progress,  the  distance  between  the 
ights  of  any  fixed  bench-mark   as  determined  by  them  in- 
casing with  the  length  of  the  line.    Many  reasons  have  been 
signed   for  this,  as  settlement   of  instrument  or  of  tuming- 
ints,  effect   of  sun,    illumination   of  target,  frost,  etc.,  but 
arcely  any  are  quite  satisfactor\\     Remedies  have  been  sug- 
sted.  such  as  leveling  alternate  sections  in  opposite  directions, 
T  reading  the  backsight  first  at  each  alternate  setting  of  the 

N instrument,  but  no  complete  remedy  has  been  yet  discovered. 
I  The  writer's  experience  with  such  work  on  the  Geological 
Survey  indicates  that  the  best  results  are  obtained  by  a  dNfli- 
€a$e  rodded  line  (Art.  143),  or  by  running  two  lines  in  opposite 
(  directions  or  in  alternate  sections.  He  believes  that  these 
j^^rrors  are  in  some  measure  due  to  settlement  of  the  instru- 
^Kncnt  between  the  time  of  taking  back-  and  foresights  and  be- 
^iKsecn  the  time  of  observing  on  the  two  separate  lines  or  rods. 
AVith  the  aid  of  Mr.  W.  Carvel  Hall  of  the  Geological  Sur- 
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vey  he  has  reduced  this  form  of  error  lo  a  minimum  by  quick 
manipulation  ;  by  the  employment  of  the  method  of  rod  suc- 
cession, whereby  immediately  after  the  backsight  the  foresight 
can  be  at  once  read  (Art.  143)1  ^"d  by  using  double-faced  rods 
(Art.  145).  thus  reducing  the  time  consumed  in  reading  the 
rod  between  the  various  sights. 

Recent  experiments  by  the  U.  S.  Coast  and  Geodetic  Sur- 
vey in  running  precise  levels  clearly  show  that  errors  causing 
divergence  of  duplicate  lines  are  produced  in  large  measure  by 
rising  or  subsidence  of  metal  turning-points  driven  in  ihe 
ground.  Also  that  these  errors  can  be  greatly  reduced  by 
using  the  tops  of  rails  on  railroads  as  turning-points. 

I50»  Limit  of  Precision — The  final  ernw  of  a  series  of 
observations  icill^  according  to  the  theory  of  probabilities^ 
vary  as  t/te  square  root  of  the  number  of  observaiions  when 
affected  only  by  accidental  errors.  Accordingly,  when  the 
instrument  is  set  up  the  same  number  of  times  per  mile,  the 
error  of  leveling  a  given  distance  is  assumed  to  be  in  propor- 
tion to  the  square  root  of  the  distance,  and  not  to  vary  directly 
as  the  distance.  In  fact,  a  limit  of  error  based  on  this 
presumption,  white  found  to  be  very  satisfactory  for  short 
distances*  say  those  under  one  hundred  miles,  proves  too 
severe  for  greater  distances,  and  it  is  almost  impossible  to 
maintain  it  for  such  great  distatices  as  are  leveled  over  by 
lines  of  precision.  This  is  probably  true  because  accidental 
errors  are  not  the  only  ones  made,  and  the  number  of  obser- 
vations arc  not  solely  proportional  to  the  distance  leveled, 
that  is.  the  lengths  of  sight  are  not  constant.  While  a  fixed 
limit  of  precision  may  be  maintained  for  a  number  of  short 
pieces  of  leveling,  it  will  generally  be  exceeded  if  the  sums  of 
errors  be  added  together  as  the  total  discrepancy. 

Various  limits  of  precision  have  been  fixed  in  accord- 
ance with  the  theory  of  probabilities  by  different  precise- 
leveling  surveys.  If  the  probable  error  of  leveling  one  mile 
be  e\    then   that  for  levehng   d  miies  is  e  -^  /iV/.     Levels 
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of    precision    executed    in    Europe  of  late   years   show  that 
the    probable   error  of  level    lines    of   precision    should    not 
kexceed   5   mm.  t^distance  in  kilometers,  equivalent  to  about 
i.02i   ft.    iMistancc  in  miles,  the    result    being  in  feet.      The 
■  LI.  S.  Coast  and  Geodetic  Survey  calls  for  a  precision  in  feet 
equivalent  to  .02  ft.   V^distance  in  miles;    the  British    Ord- 
nance Survey  endeavors  to  place  a  high    limit    in    fixing   a 
^constant  error  of  O.OI  foot  per  mile,  and  yet   this  same   limit 
lapplied  to  any  of  the  long  lines  of  precision  run  in  the  United 
IStates  is  very  much  easier  to  attain   than  any  of  the  limits 

fixed  above,  because  it  varies  directly  as  the  distance. 
I         The   U.  S.  Geological   Survey   has  fixed  as   its  limits  of 
^precision   in   its  precise    leveling    that  of    the  Coast  Survey, 
namely,   a  result    in  feet   =  d.02   ft.   idistance   in  miles,    or 
■^  .02  ft,  ^2d  miles  for  duplicate  lines.     The  U.  S.  Missis- 
sippi and  Missouri  River  Commissions  aim  at  a  limit  repre- 
'sented  by  the  formula  0.0126  ft.   V2  X  distance  in  miles  for 
direct  lines.     The  maximum  discrepancy  now  allowed  by  tlie 
Coast  Survey  between   duplicate   runnings  of  a  mile  long  is  5 
unm.  or  one-fifth  inch. 

151.  Adjustment  of  Group  of  Level  Circuits* — Where  a 
jinc  of  levels  has  been  run  in  such  manner  as  to  connect  back 
>n   itself,  thus  forming  2i  polyganal  figure  or  circuit,  there  will 
>ccur  some  error  of  closure.      If  the   instrument  be  set   up 
\  same  number  of  times  in  one  mile,  the  probable  error  of 
the  result  increases  as  the  square  root  of  the  distance.     In  at- 
tempting to  distribute  the  error  in   such  a  closed  circuit  it 
must  be  remembered  that  the  it^eights  to  be  applied  are  in- 
\^Tr5ely  proportional  to  the  squares  of  the  probable  errors^  or^ 
in  other  words,  to  the  distance  over  which  the  leveling  is  car- 
ried.     If  the  leveling  be  run  over  three  routes.  E,  C,  and  D 
between  the  points  A  and  B  (Fig.   108)  and   the  lengths  of 
^these  be  respectively   5»  7,   and   8   miles,  the  weights  to  be 
j applied  te  them  will  be  respectively  J.  \.  and  J. 
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If  a  closed  circuit  of  levels  is  run  from  A  via  C",  B^  and  D 
back  to  At  and  bench-marks  arc  set  at  each  of  those  points,  the 
adjusted  elevations  of  these  benches  should  be  in  direct  pro- 
portion to  the  distances  between  the  benches.  If  the  distance 
from  ^  to  C  is  4  miles,  from  6^  to  ^  3  miles,  from  B  to  D  i 
miles,  and  from  the  latter  to  A  again  5  miles»  then  the  total 
distance  is  15  miles*      Therefore  ^^  of  the  total  discrepancy 


Fic.  108. — Level  Circuit. 

• 

is  to  be  subtracted  from  the  elevation  of  the  first  bench^  C: 
^  of  the  total  discrepancy  is  to  be  subtracted  from  the 
second  bench,  B\  \^  from  the  third  bench,  /?,  etc., — accc^unt 
of  course  to  be  taken  of  signs, 

A  group  or  net  of  leveb  such  as  that  shown  in  Fig.  109 
permits  of  the  computation  of  the  elevations  of  the  various 
bench-marks  by  several  different  routes*  If  now  the  eleva* 
tion  of  any  one  bench  be  given,  the  elevations  of  the  other 
junction-points  are  to  be  obtained.  The  number  of  inde- 
pendent quantities  in  any  such  group  of  level  circuits  is  one 
less  than  the  number  of  connecting  benches.  If  this  group  of 
levels  be  adjusted  by  the  method  of  least  squares,  there  will 
be  introduced  as  many  conditional  equations  as  there  are 
separate  geometric  figures  and  one  less  independent  quantity 
than  there  are  connecting  bench-points. 

A  simpler  method  of  adjust  men  t»  however,  that  recom- 
mended by  Prof.  J*  B.  Johnson  and  preferred  by  the  authoft 
i%  to  consider  the  errors  in  proportion  to  the  square  roots  of 
the  distances  or  lengths  of  the  sides  of  the  polygonal  figures. 
This  is  because  the  errors  are  compensating  in  their  nature 
and  increase  with  the  square  roots  of  the  lengths  of  the  lines. 
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Instead,  therefore,  of  solving  the  group  by  least  squares  as 
one  system,  that  polygonal  figure  having  the  largest  error  of 
closure  should  be  first  adjusted  by  distributing  its  error  among 
its  sides  in  proportion  to  the  square  roots  of  their  length, 
Theri  the  circuit  or  polygon  having  the  next   largest  error 
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Fig.  log. — Group  of  Cownkctkd  Levei.  CtRcinTS, 

should  be  similarly  adjusted,  using  the  new  values  for  the 
adjusted  side  if  contiguous  to  the  former,  and  distributing  the 
remaining  error  among  the  remaining  sides  of  the  figure  with* 
out  distributing  the  side  already  adjusted. 

152.  Refraction  and  Curvature*— ^The  hne  of  sight  of  a 
telescope  when  the  bubble  is  level  is  theoretically  parallel  to 
that  of  the  surface  of  the  ocean  at  rest.  In  fact,  however, 
it  is  depressed  below  that  plane  by  the  action  of  refraction^ 
and  it  lies  between  the  level  or  curved  surface  of  the  ocean 
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and  a  tangent  plane  to  the  same,  but  is  nearer  the  latter. 
The  dei'^iatton  of  the  tangent  plane  fram  the  level  surface  is 
about  I  of  a  foot  per  mile,  and  for  a  miles  it  is  §«'  feet. 

In  all  spirit-leveling  and  ingonomctnc  operations  ^mrva* 
fare  and  refnuiian  arc  rarely  considered  separately,  but  are 
usually  treated  in  combination  (Art,  l66).  Their  combined 
effect  is  to  cause  the  line  of  sight  to  be  elevated  abo^e  the 
level  of  the  surface  by  an  amount  equal  to  about  0.57  foot  10 
one  rnile^  or  for  n  miles  by  0.57«*  feet.  The  above  facts,  how* 
ever,  have  little  bearing  on  the  ordinary  operations  of  spirit- 
leveling,  as  the  lengths  of  the  sights  taken  are  too  short  to  be 
affected  appreciably  by  them.  Moreover,  so  long  as  the  rule 
is  strictly  adhered  to  that  the  lengths  of  backsights  and  fore- 
sights shall  be  equal,  all  effects  due  to  curvature  and  refrac- 
tion will  be  eliminated. 

In  long-distance  leveling  (Art.  155)  the  effects  of  curva* 
ture  and  refraction  become  immediately  appreciable  in  amount 
and  must  be  taken  into  consideration  if  sights  arc  not  equal- 
ized. Ordinarily,  however,  they  are  eliminated  in  this  form 
of  leveling  by  simultaneous  reciprocal  readings  with  two 
instruments,  or  ordinarily  less  accurately  by  frequently  repeated 
reciprocal  readings  from  either  end,  thus  equalizing  the  lengths 
of  tht:  sights. 

One  of  the  most  abundant  causes  of  error  in  leveling  is 
the  refraction  encountered  by  the  line  of  sight  passing  near 
to  the  surface  of  the  earth,  and  also  another  phenomenon 
nearly  related  to  it — the  dancing  of  the  air  due  to  heat-waves 
near  the  ground  surface.  This  latter  can  only  be  eliminated 
satisfactorily  by  reducing  the  length  of  the  sight  when  the 
air  is  boiling  badly.  This  reduction  must  be  of  such  amount 
that  the  space  on  the  rod  danced  over  by  the  cross- hair  will 
not  be  of  appreciable  amount.  Refraction  may  be  reduced 
to  a  minimum  by  exercising  the  precaution  of  never  sighting 
too  short  a  rod — that  is,  never  allowing  the  line  of  sight 
to  come  nearer   the  ground  than   1 1    to   2    feet  (Art.    Ill), 
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is  precaution  should  be  especially  observed  at  that  time  of 
day  at  which  refraction  is  greatest* 

153-  Speed  in  Leveling^. — ^The  speed  with  which  levels 
n    be    run   varies   greatly   with   the   accuracy   desired,    the 
aracter  of   the  country,    the   atmospheric  conditions,   the 
ethod  of  running  employed,  and  the  Icvclmen  and  rodmen. 
|n  ar dietary  or  flying  levels,  in  w^hich   merely  turning-points 
e  taken  and  no  great  accuracy  is  aimed  at  and  a  self-reading 
d  employed,  speeds  of  from  3  to  15  miles  a  working  day  are 
tainable,  the  lowest  in  very  hilly   country,  the  highest  on 
mparatively  fiat  plains.      Engimiring  Itvtls  of  considerable 
accuracy^  such  as  the  primary  spirit-levels  of  the  Geological 
rvey,  are  run  at  speeds  varying  under  average  conditions 
om  50  miles  to  90  miles  per  month  of  about  twenty  work- 
ing days. 

Strange    as    it  may    seem,  precise  lein^ls  are    run    with    a 

nerally  higher  average  speed   than  are  the  ordinary  levels 

*ove  cited.     One  reason  is  because  they  are  invariably  run 

er  the  best  and  most  favorable  grades,  generally  following 

the  lines  of  railways.     The  chief  reason  is  because  they  are 

run  with  two  rodmen,  so  that  no  time  is  lost  by  the  levelman 

rodmen  waiting  for  one  another  to  move  to  the  next  posi- 

in.       The    Coast    Survey  have    run    in  recent  years  with 

their  new  level  at  speeds  of  from  5  to  9  miles  a  day,  the  greater 

speed   being  made   under   favorable  atmospheric  conditions. 

The  precise  levels  of  t!ie  Geological   Survey  were  run  u  ilh  an 

erage  for  the  seasons  1896  to  1899  varying  between  4  and  8 

miles  per  day  as  limits*      Both  organizations  have  averaged  on 

ns   over    lOOO    miles   as   high   as  65  miles  per  month,  with 

aximum  of  120  miles  per  month. 

154  Cost  of  Leveling. — Necessarily  the  cost  of  leveling 
ries  according  to  the  character  of  the  work,  A  party 
which  is  organized  for  a  long  season  of  work  will  operate  less 
pensively  than  one  which  is  placed  in  the  field  for  but  a 
ort  period  of  time,  The  following  estimates  are  based  on 
a^nns  of  at  least  several  months'  duration. 
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Ordinary  or  fiying  levels  run  by  the  Geological  Sur- 
vey along  good  roads  tn  New  England  with  a  party  cansts 
tng  of  level  man  and  rod  man  only,  lt%nng  on  the  countr 
average  a  cost  of  $2.50  per  Unear  mile.  The  primary  or 
engineering  levels  of  the  same  organization  run  by  a  lev€ 
man  and  rodman  only,  but  over  all  sorts  of  routes,  since  ti" 
are  compelled  to  place  a  bench-mark  once  in  every  thir 
six  souare  miles,  and  where  subsistence  is  had  either  in  hotels 
or  farm-houses  or  in  camp*  var>^  in  cost  from  $6.50  per 
linear  mile  in  rough  mountain  country  like  the  Adirondacks, 
West  Virginia  mountains,  or  Oregon,  as  one  extreme,  to 
$5.50  per  linear  mile  in  flat  country  like  Alabama^  western 
New  Vork,  and  the  Mississippi  valley. 

Where  the  work  is  executed  in  the  best  manner*  as  above 
described,  and  the  rod  is  set  only  on  turning-points  and  not 
on  intermediate  stations^  a  fair  estimate  of  the  cost  can  be 
had  from  an  inspection  of  Table  XIII  giving  the  result 
of  the  work  done  by  the  various  leveling  parties  working 
in  dififerent  States  and  under  different  climatic  and  topo- 
graphic conditions  for  the  U.  S»  Geological  Survey  during 
the  field  season  of  1896.     The  bench-marks  enumerated  were 
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of  the  permanent  metal  forms  (Fig.  lOo),  and  these  added 

somewhat  to  the  cost.    Where  less  careful  work  is  attempted, 

c  cost  may  be  reduced  as  much  as  one-half  for  each  kind  of 

untry,  and  where  intermediate  stakes  are  set,  say  for  every 

one    hundred    feet    for    railway    leveling,    the    cost    will    be 

creased  by  at  least  one-half.     With  their  new  instrument  the 

omX  Survey  leveling  of  recent  years  has  ranged  from  $7  to 

$11  per  mile  run. 

Precise  leveling  executed  in  connection  with  city  surveys 

necessarily  more  expensive  and  scarcely  as  accurate  as  that 

carried  on  eisewherei  because  of  the  annoyance  and  jarring 

from    passing    vehicles,    rapid    alternation    of    sunshine    and 

^Bhadovv  about  buildings,  etc.      In  the  precise  leveling  done  in 

^K>nncction   with  the  survey  of  the  city  of  Baltimore,  there 

^Hrere  run    141   miles  of  double  line,  in  the  course  of  which 

there  were  established  606  permanent  bench-marks,  or  one  to 

every  1228  linear  feet.     As  the  area  of  the  city  survey  was 

30  square  miles,  there  were  established  20  bench-marks  per 

square  mile.     The  computed  probable  error  of  the  work  was 

about  0,003  ^^  ^  f^o^  P*^^  mik%  about  the   same   being   the 

probable  error  of  the  precise  leveling  in  the  city  of  St.  Louis. 

The  cost  of  precise  leveling  in  the  city  of  Baltimore  for  field 

Table  XIV. 
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and  office  work  averaged  $23.56  per  mile,  that  for  the  city  of 
St.  Louis  averaging  $45-3^  P^r  ni»le. 

155.  LoDgT'distance  Precise  Leveling, — In  running  pre- 
cise levels  it  may  occur  that,  owing  to  unusual  physical  condi- 
tions, the  line  cannot  be  carried  forward  by  short  and  equal 
foresights  and  backsights,  as  in  crossing  an  expanse  of  water. 
Under  such  circumstances,  long  sights,  involving  special 
methods  of  observation  and  reduction «  become  necessary.  In 
long-distance  leveling,  in  order  to  attain  the  accurac>'  of  pre- 
cise  leveling,  instrumental  and  atmospheric  errors  are  elimi- 
nated  by  taking  simultaneous  reciprocal  observations. 

The  instrument  employed  should  be  a  good  precise  level 
and  the  rods  should  be  provided  with  large  targets  up  to  12 
inches  square  for  distances  of  two  miles.  The  target  should 
be  painted  one  color,  preferably  red,  with  a  white  band  across 
its  center,  one  to  two  inches  wide  at  the  outer  edge  of  the 
target  and  narrowing  to  i  inch  wide  at  the  opening  in  the  target 
center,  this  white  streak  to  be  bisected  by  the  cross-hairs,  and 
provided  with  a  cross-wire  opposite  its  center  for  convenience 
in  target  reading.  The  instruments  and  rods  should  rest  on 
solid  foundations;  and  in  leveling  across  water,  the  more  usual 
case  in  which  such  work  is  done,  the  telescope  should  be  10 
to  1 5  feet  above  the  water  surface  to  avoid  extreme  refrac- 
tion* The  instrument  should  rest  on  a  platform  independent 
from  any  surrounding  platform  on  which  the  observer  may 
stand. 

In  such  a  piece  of  work  conducted  by  Mr.  Gerald  Bagnall 
for  the  U.  S.  Engineer  Corps  at  Galveston,  Texas,  platforms 
had  to  be  erected  in  the  water,  and  owing  to  the  unstable 
clraractcr  of  the  bottom  an  apron  of  rubble  was  placed  around 
them.  The  corners  and  supports  for  the  instruments  were 
heavy  piles  driven  16  feet  into  the  bottom,  well  braced  hori- 
zontally and  diagonally.  Rocks  were  placed  around  the  out^ 
side  piles,  and  rows  of  sheet-piling  were  driven  along  them. 
A  reference  bench-mark  was  placed  near  each  instrument  and 
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early  at  right  angles  to  the  directions  of  the  line  joining  the 
o  instruments,  so  that  the  long  sight  of  both  observers 
ight  be  equal.  Each  leveling  party  consisted  of  an  observer, 
recorder,  rodman»  umbrellaman  with  the  instrument,  and  an 
sistani  to  signal  and  watch  signals  with  the  glasses.  Simulta- 
*QUS  recipracal  obsen^ations  were  taken  with  the  two  instru- 
ments, one  at  each  end  of  the  line,  in  order  to  eliminate  the 

xror  due  to  refraction,  and  this  was  effected  by  signaling  be- 
cen  the  two  so  that  the  targets  were  set  at  the  same  moment. 
The  rrrarj  which  have  to  be  eliminated  by  this  system  are: 

1 .  Those  due  to  the  inclination  of  the  bubble  and  to  collima- 
lion,  which  are  eliminated  by  each  instrumenf  independently. 

2.  Tliose  due  to  curvature  and  refraction,  which  are 
eliminated  by  the  simultaneous  reciprocal  observations, 

3.  Those  due  to  the  inequalities  of  pivot-rings  of  both 
telescopes,  which  are  eliminated  by  the  observers  changing 
stations  and  repeating  the  observations. 

A  set  of  observations  at  each  station  should  consist  of  at  least 
four  rod  readings  taken  with  telescope  and  level  direct  and  re- 
ver5ed,tbus:  xst,  telescope  and  level  direct;  2d,  telescope  direct 
and  level  reversed ;  3d,  telescope  inverted  and  level  reversed ; 
4th,  telescope  inverted  and  level  direct.  When  a  sufficient 
number  of  sets  of  observations  have  been  taken  the  observers 
change  stations  and  repeat  the  operation,  determining  the 
true  difference  of  elevation  of  the  reference  bench-marks,  from 
which  the  heights  of  instruments  for  the  long  sights  arc  deter- 
mined. The  maximum  distance  at  which  satisfactory  results 
ay  be  obtained  depends  on  the  instrument  used  and  the  con- 
itions  surrounding  the  work.  With  an  instrument  having  a 
powerful  object-glass,  and  high  magnifying  power  being  used, 
fair  results  may  be  obtained  at  distances  up  to  two  miles. 

Another  example  of  long-distance  leveling  is  given  here 

*om  the  observations  from  one   of  three  days  in  which  the 

irecise   levels   of   the   U,  S,   Geological   Survey  were   carried 

across  the    Tennessee   River  bv    Mr.    W.    Carvel   Hall,    the 
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greatest  length  of  sight  being  1810  ft.  (Fig.  lie.)  In  this 
work  a  4-second  bubble  was  used  and  a  40-djanieter  magni- 
fying power.  Lozenge-shaped  pieces  of  paper.  0.07  fi.  in 
widths  were  placed  on  the  targets  as  markers.  The  sighu 
were  85  ft.  clear  above  the  river  surface.  Two  reference 
points,  A  and  A  were  placed  on  the  near  bank  at  distances 
of  15  and  20  ft.  respectively,  as  backsights  in  the  fonnan] 
crossing,  these  being  terminal  points  in  the  regular  line.  On 
the   far  bank  of  the  river  two  other  reference  points  were 


Fio.  iia — LoNG-oisTANcm  Lkvslthc  across  Tennessee  Riviut* 

placed,  both  at  a  distance  of  48  ft.  beyond  the  instrument, 
but  at  some  Httle  distance  apart  one  from  the  other,  and  these 
became  rear  turning-points  in  the  continuation  of  the  regular 
line.  The  foresights  taken  from  the  near  bank  on  the  two 
lines,  after  backsighting  on  the  reference  points,  were  respec- 
tively 17S5  and  1790  ft.  in  length*  and  the  backsights  taken 
from  the  far  bank  to  the  rods  on  the  near  bank,  which  were 
placed  on  the  reference  marks  as  turning-points,  were  respec- 
tively 1S05  and  1 8 10  ft.,  or  sufficiently  close  to  the  length  of 
the  foresights  to  practically  eliminate  errors  due  to  curvature. 
The  errors  due  to  refraction  were  eliminated  as  far  as  possi- 
ble by  observ^ing  at  such  times  in  the  day  as  refraction  was 
least,  namely,  late  in  the  morning,  and  when  the  day  was 
slightly  cloudy,  the  atmosphere  still,  and  there  was  no  per- 
ceptible **  boiling'*  of  the  air;  also  by  observing  at  three 
diflferent  times  on  another  day  under  different  atmospheric 
conditions. 

From  the  instrument  position  i  on  the  near  bank  a  read- 
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ing  was  first  made  on  rear  reference  point  Ay  and  then  ten 
readings  were  made  on  fore  reference  point  B  on  the  other 
side  of  the  river;  then  a  reading  was  made  on  reference  point 
D  on  the  second  line,  and  ten  readings  were  made  on  the  dis- 
tant point  C  across  the  river.  Likewise,  from  instrument 
>sitton  2  on  the  far  bank  one  reading  was  made  on  reference 
loint  B,  and  ten  on  the  distant  back  turning-point  A  on  the 
rear  bank;  also  one  on  the  near  reference  point  C,  and  ten  on 
le  distant  reference  point  D  on  the  rear  bank.  The  follow- 
ig  are  the  results  of  the  four  sets  of  observations : 


N 


■ 

5.301 

6.076 

4.295 

■ 

5-3'9 

6.096 

4.219 

4.293 

■ 

5.3'2 

6.109 

4-233 

4.288 

■ 

5.329 

6.108 

4.272 

4.299 

■ 

5-324 

6.094 

4.242 

4.307 

■ 

5.3»8 

6.103 

4.249 

4300 

■ 

5.338 

6.109 

4.225 

4.304 

■ 

5.301 

6.105 

4-247 

4.292 

p 

5.3>7 

6.091 

4.245 

4.282 

5.319 

6.098 

4.224 

4.3 1 1 

Means: 

5-3«8 

6.099 

4-237 

4.297 

The  resulting  elevations  of  the  two  turning-points  on  the 
far  bank,  as  obtained  from  the.  above  observations,  were,  in 
feet : 

Turning-point  571  +  3675  :  from  cast  bank,  807.2 1 1  ;  from 

west  bank,  807.203 ;   mean,   807*207;  extreme  difference  of 

elevation,  0.008. 

,  Turning-point  571  +  1^7^'^  from  east  bank,  805.523;  from 

L     west  bank,   805.514;  mean,  805.518;   extreme  difference  of 

^^yevation,  0,009. 

^^      The  divergence  of  the  lines  for  this  day's  work  was:  at  the 
ist  bank,  0.91 1  ft.  ;   at  the  west  bank,  0.927  ft. 

156.  Hand'levels. — A  very  useful  little  instrument  for 
the  topographer  is  the  hand-level,  by  which  approximate  level 
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lines  can  be  detcrixiined  for  some  distance  from  the  position 
of  the  observer  and  thus  aid  him  in  following  the  course  of 
level  or  contour  h'nes.  This  instrument  consists  of  a  brass 
tube  six  inches  in  length  with  a  small  level  on  top  near  the 
object  end.  (Fig,  ill.)  Beneath  is  an  opening  through  which 
the  bubble  can  be  seen  as  reflected  from  a  prism  into  the  eye 
at  one  end.  Both  ends  are  covered  by  plain  glass*  while  there 
is  a  small  semi-convex  lens  in  the  eye  end  to  magnify  the  level- 
bubble  and  the  cross-wires  beneath   the  bubble.     The  cross- 


FiG.  in.— LocKR  Hand-level, 

wires  arc  fastened  to  a  small  frame  moving  under  the  bubble- 
tube,  and  are  adjusted  in  place  by  a  small  screw  at  the  end  of 
the  bubble-case.  By  standing  erect  and  sighting  any  object 
and  lowering  or  raising  the  object  end  of  the  level  by  hand 
until  the  reflection  of  the  bubble  is  exactly  bisected  by  the 
cross- wires,  a  horizontal  line  will  then  be  sighted  and  the  po- 
sition of  the  horizontal  cross- wire  will  indicate  approximately 
the  elevation  of  any  object  which  is  at  the  same  height  as  the 
eye  of  the  observer. 

157.  Using  the  Locke  Hand-level. — ^There  are  two  ways 
of  leveling  zoiih  the  Locke  luiNtl- level.  One  is  for  the  ob- 
server to  stand  erect,  measure  the  height  of  his  eye  against 
a  potc  and  note  this  height — say  five  feet.  Then  he  directs 
the  hand-level  at  the  side  of  a  hill  or  of  a  tree-trunk  and 
notes  where  the  horizontal  wire  intersects  this.  Then  this 
object  is  at  exactly  the  height  of  his  eye  above  the  ground » 
or  five  feet*  Moving  forward  to  it  and  standing  with  his 
feet  on  a  level  with  this  object,  he  is  raised  five  feet,  and* 
continuing  the  process,  he  levels  along  differences  of  five  feet 
in  elevation  at  a  time. 
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In   skttching  contours  the  hand-level  is  used  differently, 
anding  on  the  ground  and  knowing  hts  elevation,  he  adds 
that  the  height  of  his  eye.    Then  sighting  along  the  slopes 
f  the  land  with  the  Locke  level,  he  observes  where  the  hori- 
zontal line  strikes  the  hillsides,  and  knows  that  such  points  are 
a  level  with  his  eye,  or  five  feet  above  the  contour  on  which 
stands*  and  he  is  tlius  able  to  sketch  that  contour  with  a 
nsidcrable  degree  of  accuracy. 

The  topographer  can  with  the  Locke  level  determine  the 
vations  of  points  about  him  which  are  but  a  little  above  or 
low  his  height,  by  sighting  them  and  estimating  the  dis- 
ncc  above  or  below  the  level  line  as  indicated  by  the  cross- 
jr.     If  the  points  are  at  any  considerable  distance,  he  must 
make  allowance  for  curvature  and  refraction.      Great  reliance 
must  not  be  placed,  however,  on   the  accuracy  of  this  instru- 
ment, as  its  results  arc  but  approximate, 

158,  Abney  ClinQmeter  Level. — This  is  but  an  English 

inodification  of  the  Locke  level,  and  is  must  useful  in  estiniat- 

g  the  angles  of  ^^Innr,  or  grades,  and  thus  in  sketching  cun- 


^ng  i\ 

^Hours.     It  is  also   useful    in    reading    rough   vertical    angles. 
\Vhere  a  traverse  plane-table  (Art.  61)  is  used,  however,  it  is 
accurately  replaced   by   a   vertical    angle    sight-alidade 
itX.    62)>     Attached    to    a  hand-level   is  a  small   telescope 
revolving   about    a  vertical  arc  graduated  to  60  degrees  on 


Fig.  112,— Abney  Clinometer  Hantm.evel, 
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either  side  of  zero  when  the  instrument  is  held  level  (Fig. 
112).  It  can  be  used  as  the  Locke  level,  and  also  with 
considerable  accuracy  by  resting  the  tube,  which  is  square, 
on  a  plane-table  board  or  other  surface  which  can  be  leveled. 
Having  leveled  the  tube  by  holding  it  in  the  hand  or  resting 
it  on  a  plane-table  and  noting  that  it  is  level  by  bringing  the 
bubble  against  the  horizontal  cross-hair,  the  small  telescope 
is  then  directed  up  the  slope  and  the  angle  of  the  slope  read; 
or  it  is  directed  at  some  object  the  distance  of  which  is 
known,  and  with  the  angle  read  the  difference  in  height  can 
be  computed  (Art.  i6o). 
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CHAPTER    XVIL 
TRIGONOMETKIC    LEVELING. 

159.  Trigonometric  Leveling. — Trigonometric  leveling 
is  the  process  of  determining  the  difference  in  elevation  be- 
tween two  points  by  means  of  the  angle  measured  at  one  of 
them  between  the  horizontal  or  level  line  and  the  other;  or 
by  measuring  the  zenith  distance  of  the  other.  This  method 
of  leveling  is  especially  suited  to  finding  the  heights  of  sta- 
tions in  a  triangulation  survey,  and  in  connection  with  stadia 
traverse.  In  triangulation  the  vertical  angles  arc  measured 
with  the  same  instrument  as  are  the  horizontal  angles.  In 
stadia  and  odometer  traverse  the  vertical  angles  are  measured 
with  the  same  instrument  and  at  the  same  time  as  is  the 
istance  or  the  deflection  angle. 

Trigonometric  leveling  is  primary  or  secondary  in  quality, 
depending  upon  the  instruments  and  methods  employed.  In 
either  a  vertical  angle  is  observed  to  the  point  the  height  of 
which  is  to  be  determined,  and  this»  with  the  distance  between 
the  occupied  and  the  observed  points,  gives  the  quantities 
necessary  to  determine  their  difference  in  elevation-  Primary 
trigonometric  leveling  is  performed  by  measuring  at  one  sta- 
tion, with  the  vertical  circle  of  a  large  theodolite  (Art.  241), 
c  double  zenith  distance  (Art,  297)  of  the  signal  at  the  other 
station :  or  by  the  measurement,  by  means  of  a  micrometer 
inserted  in  the  eyepiece  of  the  telescope  (Art.  242),  of  the 
diffcfrences  in  altitude  between  different  stations,  in  connec- 
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tion  with  a  reference  mark  the  absolute  height  of  wlitch,  of 
its  zenith  distance,  has  been  prevtously  obtained.  Sec^ndar/ 
irig^nanuirica!  inrling.ov,  as  commonly  called,  vertuat  angu- 
tathn*  is  performed  with  a  small  theodolite  or  with  a  tele- 
scopic alidade  (Art.  59),  and  consists  of  direct  measurement 
of  the  angle  between  stations  obser\'ed  and  the  horizon,  as 
the  latter  is  determined  by  the  level-bubble  on  the  instni* 
ment.  A  similar  series  of  obser%'attons  is  taken  at  each  suc- 
cessive station,  and  if  the  elevation  of  one  of  these  is  known 
the  elevations  of  the  others  can  be  computed. 

In  the  process  of  trigonometric  leveling,  the  height  of  the 
telescope  above  ground  and  the  height  of  the  signal  must  be 
carefully  measured  and  made  a  part  of  the  record,  also  the 
hour  of  making  the  observation,  as  in  accurate  work  this  has  a 
bearing  upon  the  correction  for  refraction.  In  trigonometric 
leveling  of  primary  order  the  state  of  the  level  at  the  com- 
mencement and  end  of  the  observation,  and  observations 
made  to  determine  value  and  sequence  of  arc  corresponding  to 
a  turn  of  the  micrometer-screw,  become  a  part  of  the  record, 
as  does  also  the  object  sighted. 

The  best  results  are  obtained  by  measuring  reciprooil 
zenith  distances  at  two  stations  at  the  same  moment  of  time, 
in  which  case  the  conditions  of  atmosphere  are  practically  the 
same  and  the  effects  of  refraction  are  eliminated.  When  re- 
ciprocal zenith  distances  are  measured*  not  simultaneously 
but  by  the  same  observer  on  different  dates,  these  should  be 
made  on  various  days  from  each  station  in  order  to  obtain  as 
far  as  possible  a  mean  value  of  the  angle  and  an  average  value 
of  the  refraction.  The  relative  refraction  (Art*  1 66)  may  be  so 
different  between  various  stations  at  distances  greater  than  ig 
or  20  miles  apart  as  to  seriously  affect  the  results  unless  a  very 
large  number  of  measures  are  taken  on  numerous  and  favorable 
days.  The  hij^hcr  the  elevation  at  which  observations  are 
made  the  more  reliable  the  results;  also,  the  larger  the  num* 
bcr  of  stations  included   in  a  scheme  of  vertical  triangulation 
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the  better  the  results^  owing  to  the  possibility  of  the  adjust- 
ment of  the  whole. 

The  results  obtained  by  trigonometric  leveling  are  of  far 

eater  accuracy  than  ordinarily  supposed.     The  best  work  of 

is  kind  is  that  executed  by  the  U.  S.  Coast  and  Geodetic 

urvey  in  connection  with  its  transcontinental  belt  of  primary 

;riangulation.     Checks  on  these  levels  have  been  obtained  by 

eans  of    precise  spirit-levels    to  some  of  the   triangulation 

stations.     At.  St.  Albans  base  near  Charleston,  W.  Va.,  the 

elevation  by  triangulation  brought  from  the  Atlantic  coast  is 

594.78    feet.     The  elevation   of   the  same   point  by  precise 

spirit-levels  from  Sandy  Hook  via  ChilUcothc  is  595,616  feet, 

a  difference  of  only  0.836  feet,  which  is  much  better  than 

could  be  expected   from   spirit-levels  of  less  accuracy  than 

recise  quality  would  produce. 

160.  Vertical  Angulation* — ^This  term  is  used  to  desig- 
nate  the  process  of  obtaining  elevations  by  angular  methods 
of  ordinary  quality,  as  by  telescopic  alidade  used  with  plane- 
I      table  or  by  the  vertical  circle  of  a  transit   instrument.      In 
this  work   the  distances   and    angles  are  measured  with  only 
approximate  accuracy  because  of  the  qualities  of  the  instru- 
^^!ients  employed,  the  signal  sights  had  are  not  clearly  defined 
^^nd   accordingly   corrections    for    curvature    and     refraction 
r     (Art.  166)  are  made  but  approximately.     Instead  of  having 
a    vertical    arc   which    can    be    set    at    zero  when   the  level- 
bubble  attached  to  the   telescope   is  leveled,  it   is  better  to 
record  an  index  error  and   correct  the  angle  for  this.     Thus 
the  telescope  is  made  level  by  the  bubble,  and  the  reading  on 
the  vernier  is  recorded  under  the  title  index  error.     Then  the 
cross-hairs  are  directed  to  the  object  the  elevations  of  which 
arc   to  be   determined,  and  the  vernier  is  again  read.     The 
difference  between  the  two  readings  gives  the  angle  between 
the  object  sighted  and  the  horizon*  and   is  recorded  in  the 
notes  as  plus  or  minus.     To  apply  the  correction  to  vertical 
arc  to  the  vertical  angle  attention  must  be  paid  to  the  signs; 
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for  a  plus  errar  in  vertical  arc  subtract  the  error  from  plus 
angles  and  add  to  minus  angles. 

An  example  of  the  mode  of  keeping  such  notes  is  as 
follows : 


D^it,  Nov.  i6 

DacriptMQ  of  P^Mni  Sglitcd. 

N^ 

P^at. 

Le^. 

Aoi^ 

Dta. 

DHL 
Kiev. 

Etov. 

^ 

KittT  Cobbte:  too 

XV 

t 

•     * 
to  09 

13  or 

»3<» 

1401 

14  t* 

-  4    Oi 

-  I    05 

-  *     tJ 

l.Ot 
I^Ot 

mm 

WciirLalDebouM;b«»e.  .  . 
Top  of  ksdjcoirer  BrooLtrcmt 
RllHia;  capoU  red  bars , 

In  vertical  angulation  corrections  to  the  observed  angles 
must  be  made  for  cun^ature  and  refractian  (Art.  166),  which 
may  be  taken  from  tables  (Tables  XVI  and  XXXI),  also  for 
the  height  of  the  instrument  above  ground  surface  and  the 
height  of  signal.  (Sec  Table  XV  and  example  Art*  163,  also 
Art.  239.)  The  correction  for  difference  between  the  heights 
of  signal  and  instrument  above  ground  may  be  computed  by 
the  formula 

Cor.  =  ^ J, (27) 

£/sm  I 

in  which  d  is  the  distance  between  stations,  and  k  the  differ* 
ence  in  height  (Art.   239,)     Or,  with  fair  approximation,  a 
correction  may  be  made  by  determining  the  differences  in  ele- 
}  vation  observed,  adding  to  the  known  height  of  the  occupied 

1  station   the  height  of  the  telescope  above   it   before  making 

I  the  computations,  and  subtracting  from  the  result  or  com- 

i  puted  elevation  of  the  station  sighted  at,  the  height  of  the 

[  target  above  ground. 

^_  To  sight  the  telescope  on  visible  points  of  equal  eIt%*atioK 

^B  the  correction  for  curvature  and  refraction  must  be  applied  to 

^B  the  vernier  reading,  that  is,  the  vernier  must  not  be  set  at 
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zcro»  but  at  a  minus  angle  the  number  of  minutes  of  which  is 
nearly  threc^cighths  of  the  distance  in  miles. 

161.  Vertical  Angulation,  Computation. — The  quantity 
entered  in  the  distance  (oinmH  above  is  measured  directly  on 
the  plane-table  board  or  on  the  map.  In  the  numbtr  column 
is  the  number  of  the  station  corresponding  to  the  summit 
sighted  if  it  has  been  occupied  already;  or  if  the  point  has 
been  sighted  from  some  other  station,  the  number  of  the 
pointing  which  was  given  from  that  station ;  or  if  it  has  never 
been  sighted  for  the  other  station,  it  is  given  a  new  number 
for  the  occupied  station.  Under  the  columns /w//  and  Uiei 
are  placed  the  angles  read  when  the  instrument  is  pointed  at 
the  object  and  when  the  telescope  is  leveled,  providing  it  is  an 
instrument  which  has  not  an  adjustable  vernier.  In  the  col- 
umn difference  of  elevaium  is  placed  a  quantity  either  com- 

uted  (Art.  164}  or  taken  from  a  simple  table. 

Table  XV  is  one  which  can  be  used  for  determining 
angles  of  elevation  or  depression  up  to  any  distance.  For  the 
first  angle,  for  instance*  take  out  59'  in  the  first  column  of 
the  table.  In  the  second  column,  that  headed  o*^,  the  differ- 
ence of  height  is  found  corresponding  to  the  unit  distance  one 
mile,  and  this  is  90.6.  This  quantity  multiplied  by  the  dis- 
tance in  miles,  2.93,  gives  a  difference  of  elevation  of  265.5 
feet.  The  correction  to  curvature  and  refraction  for  2,93 
miles  is4»8  feet,  which  is  always  additive.  As  the  angle  in  this 
case  is  positive  the  total  difference  of  elevation  is  270,3  feet. 

For  all  distances  less  than  1.6  miles  the  correction  to  cur- 
vature and  refraction  may  be  taken  as  5  feet,  as  the  height  of 
instrument,  about  4.5  feet,  has  to  be  added. 

Under  the  column  adjusted  elevation,  in  the  above  exam- 
ple, is  given  the  final  height  of  the  point  as  obtained  by  aver- 
aging its  elevation  as  determined  from  several  stations* 

162.  Vertical  Angulation  in  Sketching.— The  elevations 
^    positions   occupied    by    the    topographer   while    sketching 

(Arts.   13  and    17)  may  be   checked   in  practically  the  same 


^^364 

^ 

miGONOMErjilC  LEVEUSG, 

1 

TABLE 

XV.-DIFFERENCES   OF   ALTITUDE   FROM     | 

iM«««rf.u...d.=^  +  ^*;  +  *;^«^gS32S;SS^                   1 

•• 

!• 

f 

»♦ 

4* 

»• 

«• 

r 

^1 

^1 

*i 

i^. 

^1 

K 

*i 

*• 

, 

fc«i. 

itt\. 

(«i. 

le«. 

teec 

fed. 

f«ct» 

fec«. 

o 

o.« 

9t.i 

184.4 

^.7 

389- 

461.9 

ISI-o 

Ml 

1 

•  5 

93-7 

i8S*9 

»78.. 

370.7 

443-5 

SS4.S 

449*4 

f 

^  '     1 

9S.« 

187  4 

»7»8 

37»  3 
373^8 

s* 

55»^ 

651.4 

t 

4.4 

^.8 

189.0 

a8i.3 

SS9.4 

653.0 

1 

4,1 

ti 

190.5 

•8».9 

37$*4 

«68i 

5*... 

4545 

i 

▼•7 

19a.  1 

•84.4 

374.9 

4697 

S4.7 

4s4.i 

• 

4'> 

toi.4 

193-4 

«86.o 

378-S 

471  ■• 

S44.J 

4!l?.| 

7 

to- 7 

lo*.9 

195.1 

*B7  5     ' 

3800 

4?».4 

S6si 

4J8.* 

§ 

«l-8 

104.4 

194.7 

«e9^ 

lit  .6 

474.3 

13:; 

6«»*8 

• 

106.0 

198-t 

190.6 

38,.. 

475.9 

«6».3 

1^ 

>S-4 

|<»7.S 

199.8 

*9>  1 

Ji4.4 

477  4 

570.S 

6^.9 

tl 

16.9 

«09*«     1 

.01.| 
*(M    8 

•93.7 

J84» 

4790 

S7»-o 

4^5 

1« 

t8  4 

.    tio6 

•95- a 

3»7.7 

480.5 

573.6 

s* 

IS 

90.0 

tf9,l 

»4  4 

•947 

j9B.i 

48*.  ■ 

g;; 

4«ft.6 

'^    1 

31  »5 

IJJ.7 

«S.9 

^.1 
•99.4 

4J36 

4|O.I 

I& 

»3'<» 

iiS^j 

»7S 

3»»-4 

4»5.» 

57**» 

4ft  .7 

l« 

3:? 

ti4-7 

M9.0 

IM.J 

3^9 

486.7 

g:; 

17 

»8.j 

*io.5 

j».9 

fW.3 

^\ 

18 

976 

1 19.4 

VlJ.t 

J3;i 

397 -0 

4898 

$8t.9 

If 

39.* 

i»i.4 

alj.6 

3944 

491  3 

g44 

677.9 

3f 

3(0*7 

l«'9 

«5.t 

307.3 

fOO.l 

49«.9 

3^4.e 

479.S 

SI 

3^-3 

134  4 

.14.7 

309.1 

40t.4 

494-5 

387,< 

68t.« 

tt 

33-1 

i»4o 

«iS,t 

310.4 

foj.a 

494.0 

389.1 

(ki«.4 

t% 

fi? 

«a7.5 

aC9.8 

lia.i 

40*  .7 

497.« 

390  ? 

484.a 

t% 

i«9.o 

wiv3 

3<3  7 

4o4.| 
407  8 

499.' 

59i.> 

«5f 

th 

3«4 

IJC..6 

«»a,8 

3i>.> 

fiao.J 

593.8 

4*7-3 

t% 

39.0 

ll»*i 

«4.4 

316.8 

409  4 

sm.t 

595.4 

488.9 

fj 

*«  5 

«33'4 

"5  9 

am  3 

410,9 

SP3.t 

594.9 

4^« 

f§ 

43*0 

w. 

W7.4 

3«9.9 

4'»'S 

S*»5  3 

398.5 

490.0 

it 

:«:: 

»*9  0 

3a».4 

414.0 

506.9 

600.0 

4W4 

ta 

ija.j 

j^o  5 

3M.9 

415-5 

^.4 

601,6 

«9ft  • 

91 

47-4 

139^8 

aja,t 

344  $ 

417  t 

510.0 

603.1 

«94.7 

49  « 

MI.3 

^33.4 

3a4,o 

4<8  6 

S«i-5 

!^-' 

¥^l 

1    K 

5^.7 

14s.  9 

:^3i:; 

3»74 

4*0. a 

S<3.o 

606.3 

499« 

w     ^ 

s»*» 

i46«o 

339,1 

4»i.7 

514.6 

5!** 

T*l.9 

St 

SJ.9 

aj8.> 

330.4 

4*3.3 

5»6.3 

609.5 

7«i^ 

M 

SS  3 

M7  5 

•39« 

33».« 

4«4.8 

5177 

4io.9 

T^H.f    ' 

t7 

S4.8 

140.0 

a4»J 

333.7 

436*4 

S*9-3 
S».8 

4t..$ 

7^  I 

t8 

SS'4 

IS«.4 

335.3 

4*7*9 

6,4.0 

7«7^ 

tl> 

S9  9 

»s».« 

«44.4 

336.8 

4««.S 

5"-4 

4f5  6 

709.4 

i« 

6t.4 

>J3*6 

H5-9 

3384 

431.0 

St3.9 

417.1 

7t0.7 

41 

63.0 

115* 

'47.5 

339.8 

43»'S 

S»5.5 

4i8.7 

yti*i 

4t 

^i 

156.7 

•49.0 

341-4 

434.1 

5«7-o 

4«>.t 

7t3.f 

4S 

f5l<* 

»5o*5 

343  ■<» 

433  6 

5at.6 

6ti.8 

715.4 

44 

67.6 

IJ98 

as*  1 

344'S 

437.» 

SJO.i 

633.3 

7I7.* 

4& 

69.1 

16,. 1 

1S3.4 

34**> 

1        4387 

53»  7 

6a4.9 

7ia.4 

4« 

70.6 

169.9 

n;t 

347*fi 

440.1 
441  8 

533. » 

6^.4 

7^.1 

47 

7a. » 

'44  4 

•S4.7 

349  I 

534.8 

6*8.0 

731.7 

4a 

73*7 

16S.9 

a,8.a 

350.7 

443.4 

534.3 

6*9.6 

7»3.t 

• 

4t 
M 

?l:l 

'475 
169,0 

ut; 

35».t 

3338 

».? 

537  9 
539  4 

631.1 
4l».7 

»:; 

SI 

7«3 

170.4 

34«.8 

15S  3 

448.0 

541  0 

6h.* 

7^.* 

6fl 

7V»9 

t7».i 

364.4 

3569 

4494 

549 -S 

635.8 

T»9.S 

&< 

»t,4 

173.4 

a4i.9 

358.4 

451   1 

544   « 

*17'3 

73>.» 

64 

&».<! 

m:; 

»47.S 

360.0 

45a.  7 

345.1 

638.9 

yf».? 

6fi 

ft*. 5 

169.0 

361.4 

454  9 

547  •» 

640.^ 

714 -• 

M 

86. 0 

I7«.» 

170.9 

^^l 

455.8 

5487 

641.0 

T»-8 

^^^1 

i; 

87*5 

i?9*8 

17'.  1 

344.4 

437.1 

5JM.4 

441.4 

J3:; 

^^^B 

M 

Ig.t 

•4t  3 

•71.4 

l66.« 

4589 

S5t  i 

A44.I 

^^^1 

&• 

9p6 

•  la. 9 

•70.7 

367.7 

A^  ^ 

S51  4 

646.7 

74*.  S 

^^H 

i« 

g».a 

•84*4 

|49« 

461-9 

555 'O 

448.3 

74»^ 

k 

t 

^ 

J 

1 

■ 

VERTICAL  ANGULATION  IN 

SKETCHING. 

^36r^j 

[     ANGLES   OF   ELEVATION   OR   DEPRESSION. 

■ 

■ 

ro= 

dtsiance  in  mile*.  «  =  *njfle  of  elevauon  or  deprenion; 

^^^ 

■r  ^.^ 

.  saaofl. 

X  lAn  a:  A*  —  correciiun  lor  curviiiurc  and  r©. 

and  re  fr Action  (always  \o 
be  added  al^ebnii£«t1y>.     ' 

^^^1 

r   fractioQ.     ArRUment  for  *,  w  «;  ursument  for  *j  is  A 

1 

r 

"feet. 

10* 

feet. 

II- 

feet. 

If 

If 

feet. 

X* 

*. 

n 

*• 

Jecl, 

feci. 

feet. 

maet 

lc«l. 

mile* 

feet 

HKf4«.o 

8VS.1 

931.0 

io«6.3 

iia».3 

1*19,0 

1316  5 

I4i4*8 

1,0 

.06 

55 

17.3 

^^H 

^^KO  ^ 

BJ7.8 

9J».6 

t«>7-9 

iif3  9 

1930.6 

1318. t 

1416.4 

i.t 

0.7 

J6 

iS,« 

^^H 

^B745> 

8»4 

934  a 

•»OQ9.5 

11*5  5 

tSJU.l 

«3»9'7 

I418.0 

1  » 

0.8 

11 

18.6 

^^^1 

841 .0 

935^8 

1031.1 

1137.1 
i»»8  7 

13^5.8 

1321  3 

1419.7 

1.3 

to 

19.3 

^^^1 

^^£48  J 

«43  6 

937*3 

IOJ7.7 

1135,5 

1333.0 

1421  3 

t    4 

1.1 

5  9 

20.0 

^^^1 

*H.» 

938.9 

1034-3 

1130  3 

1227- » 

13*4.6 

t4aj  <* 

1.5 

1,3 

6.0 

30.6 

^^H 

^^Ks» « 

t45*7 

940^5 

«03S  9 

1131.9 

1228.7 

1326,3 

'4*4-6 

1.6 

i.S 

6.x 

at, 3 

^^^ 

^^■yfj.o 

I3:J 

94^.1 
943-6 

•^37.5 
10J9.1 

1133.5 

fiJS  a 
1136,8 

»*30'3 
1331.9 

•ja7<9 
«3^.5 

1433  9 

U»7.9 

U 

»-7 
*.9 

6.S 

6-3 

*a.o 

33.8 

^1 

^^Kjl^.t 

;99  4 

'^Vl 

1040.7 

i»33  * 

1331.1 

U^g^ 

S*9 

ft  I 

6.4 

»3  S 

^^^1 

^^psr-T 

•sa.o 

946-6 

1043.3 

1138.4 

1335   2 

»3ja  8 

l43'-a 

1.0 

t.3 

6,5 

34,  > 

^^H 

^^059^1 

8SJ.6 

948.4 

»043,8 

1140.0 

1236.8 

"334.4 

»43».9 

S.i 

«»5 

6.6 

95  •• 

^^1 

^^pte'9 

V^^i 

9500 

»«4S  4 

1141  6 

lajB  4 

'J3S.O 

M34*S 

a>9 

».8 

l:i 

»5.7 

^^^1 

^^■j69.4 

8s6.S 

9S1  fi 

1*47.0 
1048.6 

ii43.a 

1340  0 

«3i7'7 

I4j6.3 

3.3 

J.o 

26.S 

^^^H 

^^■^5.0 

M3 

953'* 

1144.8  ;  1341  7 

*3J9.3 

'437-8 

*'4 

u 

69 

>7.3 

^^^1 

■■jds^d 

t»W.9 

9S4'7 

lOJO.} 

J146.4 

»*43  3 

1340.9 

»439.5 

as 

70 

ail 

^^H 

' 

7«7i 

86..5 

9563 

105  «.S 

1148,0 

ti44'9 

1342  6 

1441-1 

9.6 

3  9 

7-« 

98.9 

^^^ 

7MI.7 

86j,o 

957-9 

1053  4 

1(49  6 

1246  s 

»344-a 

»44»'8 

■  7 

4.9 

7.« 

«9-7 

^^^1 

T7<»  3 

IS:J 

959'5 

1055.0 

1151.2 

1248   f 

»345.8 

t444  4 

9,8 

u 

7  3 

30.S 

^^^1 

77«8 

4t,t 

10566 

115^.8 

12498 

1347  5 

1446.1 

*»9 

7.4 

31.4 

V 

771*4 

867.8 

96a  7 

1058.3 

»i54  4 

IUt*4 

1349. I 

"447  7 

3.0 

5»» 

7*5 

3a. « 

1 

■KttS'O 

869.4 

964.3 

10598 

iiS^-t 

1353'° 

1350,8 

1449-4 

3  » 

SS 

7.6 

33. » 

^^m 

^BMs 

870.9 

965.9 

IC61.4 

"577 

1354  6 

•lSa.4 

MS»*« 

3  > 

3-9 

7-7 

34  0 

^^^H 

■  r778> 

*?•» 

967.5 

106-^.0 

U59.3 

t»56.» 

•354  0 

»45».7 

3*3 

6.3 

78 

34.9 

^^^M 

^ 

77^.7 

J74.1 

969.0 

1064.6 
»o66.» 

1160,9 

1357*9 

*355  7 

M54*4 

3*4 

66 

7»9 

^^^^ 

78*0 

«7$7 

970.6 

tf63.S 

"595 

1357*3 

1456.0 

35 

70 

8.0 

^^H 

78.8 

8773 
878.1 

972.} 

1067  8 

1*64.1 

1361. 1 

<358*9 

'4577 

3^ 

7-4 

8.1 

r> 

^^^ 

7»4  4 

97J.8 

1069.4 

1165.7 

1262.7 

1360.6 

K59.3 

3-7 

7-8 

8.2 

^^^1 

796  0 

8804 

975  4 

1071.0 

1167.3 

1264.4 

1362.2 

1461.0 

3.8 

8.3 

83 

39-5 

^^^1 

^ 

7S7  5 

88}  ,0 

977  0 

107*. 6 

1168.9 

1266,0 

13639 

i46a.6 

3>9 

87 

8*4 

49  5 

^^^1 

■  ^7»«>« 

883.6 

978.6 

1074  a 

1170.6 

1267.6 

»36S^S 

1464.3 

4  * 

9.a 

8.5 

4»*4 

^^H 

■V790.7 

88$.  1 

9»o.. 

1075*8 

tf72.S 

t>69,3 

:^i 

1465. 0 

4't 

9.6 

8.6 

4«-4 

^^^ 

^^ 

79a.  a 

884S.7 

98«^7 

1077*4 

1173.8 

1270.9 

1467.6 

4>> 

to.t 

8.7 

43*4 

^^^1 

793  « 

8883 

9833 

1079.0 

11754 

1371.5 

«370-4 

1469  ' 

4*3 

10.6 

8.8 

44H 

^^^1 

795'4 

889.9 

984.9 

1080.6 

11770 

I274-* 

137a* t 

I47C-9 

4<4 

11. 1 

8*9 

45<4 

'^^^H 

7970 

89.  i 

986s 

loej.j 

1178.6 

«»75-7 

■373*7 

«47».5 

45 

it.6 

9,0 

46.4 

^^H 

7^  5 

8910 

9«8.i 

1081.0 

iiBo.} 

t»77,4 

»37S  3 

«474.> 

4.6 

t«.t 

9  t 

47-5 

^^1 

Boa,9 

J?a:t 

989>7 

1085.4 

1181.8 

1279*0 

1377*0 

"475  9 

11 

13,7 

9.a 

48.5 

^^^H 

«oi,7 

9Q»*3 

10S7.0 

1183.4 

I38Q.6 

1378.6 

«477'5 

13.3 

93 

49.6 

^^^1 

ao3,a 

«97.8 

99>*9 

1088.6 

1185.0 

1282,3 

1380.3 

1479. 2 

4  9 

13-8 

9-4 

5«*7 

^^^1 

i«48 

8994 

994. S 

1090.9 

1186.7 

.283,9 

1381.9 

1480,8 

5.0 

>4*3 

9*5 

Si-7 

^^H 

8064 

900  9 

996.0 

1091.8 

1188.3 

1285.5 

"383.5 

1482.5 

5-> 

14*9 

9*6 

S3.8 

^^^ 

«o7,9 

909.5 

997^6 

too3.4 

1189.9 

1287.1 

1385  2 

1484.1 

5*» 

;i:; 

9-7 

53  9 

^^^1 

»^.5 

904.* 

999  ' 

ro95.o 

1191.5 

1218  8 

13868 

1485  8 

5*3 

9.8 

55* » 

^^^1 

Km.i 

90s. 7 

1000  8 

1096.6 

1191,1 

1290.4 

1388.5 

1487. s 

5*4 

16*7 

9.9 

56.. 

^^^^ 

Bn.7 

907.3 

tow.  4 

1098.1 

"94-7 

i2g2.o 

1390  I 

1489.1 

5.5 

17.3 

to.o 

37.3 

^^H 

8*4  > 

9^,1 

1004  0 

t099  8 

1196,3 

«»91  7 

r39>8 

1490  8 

^^1 

S15  a 

910.4  1 

10056 

tiot  4 

iig7'9 

i 995.3 

1393-4 

149*  4 

^^^M 

1*7, « 

9»».o 

1007.} 

1103  0 

1199.6 

1296.9 

1395.0 

*494.i 

^^^M 

«t9  0 

9t3  6 

laoS.S 

1104.6 

iaoi.» 

1298.5 

« 396.7 

1495  8 

^^^^ 

«>o.5 

V»S'« 

1010.4 

tio6.j 

taoa.S 

1300.2 

«398.3 

«497*4 

^^^H 

•>!    t 

9'«*7 

I0«9.0 

1107,9  ' 

1*04.4 

not  8 

1400.0 

1409  » 

^^H 

•»V7 

9*8.3 

toi3.6 

i»09  $ 

f}o6o 

1301.4 

1401.6 

1500.7 

^^^1 

Sss.t 

9T99 

toic.z 

ttit.t 

1207.7 

1305.0 

1403.3 

1502.4 

^^^1 

a9«8 

9*t.i 

tot6B 

1113.7 

»309  3 

13067 

1404  c> 

1504-1 

S,8.4 

9»3*t 

tOf8.4 

H14  3 

ifltO-9 

1308-3 

1406.3 

»5»5  7 

^|ilOO 

9*4.7 

ic»}0.» 

IMS  9 

i-»i».S 

1109.9 

1408.3 

»5«»7.4 

^m^V'i 

9*6,, 

J03I.S 

t»t7  i 

1314.1   1 

»3lt.6 

»4o98 

15090 

^BSy3  1 

9»7  8 

10^3.1 

1119.1 

iaiS.8 

1313.2 

1410,5 

1510  7 

^■•14-7 

9f<»  4 

10S4  7 

fl«0.7 

t*l7  4 

nf4*8 

M"3-« 

IJH*4 

^^ 

■ 

pjftf 

91»  « 

1016.3 

1IW.3 

18*9. 0  *   1316  5  1   1414  8 

ifM  0 

J 

^1 

1 

L 

_J 

!^ 

3^ 


rUlGONOME  TRIG  LEVELING, 


n 


manner  as  vertical  angulation  is  conducted  in  the  course  of 
traversc^work  (Art*  163),  While  sketching,  the  topographer 
has  before  him  on  his  plane*table  board  all  of  the  plotted 
control,  including  positions  of  triangulation  stations,  of 
adjusted  traverse  lines,  and  of  points  intersected  from  the 
traverses  (Art.  84).  Assuming  now  that  he  has  been  sketch- 
ing for  some  little  time  by  means  of  an  aneroid  adjusted  at 
some  fixed  elevation  along  the  route  of  his  traverse  (Art,  17^ 
and  it  becomes  desirable  either  to  check  the  aneroid  or  to  dct© 
mine  the  elevation  of  some  nearby  point  which  he  is  sketching. 

Setdfig  up  the  plane-tabie  at  a  known  position  he  reads  an 
angle  with  the  telescopic  alidade  or  vertical-angle  sight-alidade 
(Arts.  59  and  ^2)  to  some  house  on  a  neighboring  road  or 
hillside,  or  to  some  near-by  summit  which  is  plotted  on  the 
map,  and  this  angle,  with  the  distance  measured  on  the  plane- 
table  sheet,  furnishes  the  data  from  which  to  compute  his 
height  (Art,  161),  Or,  vice  versa,  knowing  his  elevation 
an  aneroid  which  has  been  recently  checked,  or  being  at  soi 
point  the  height  of  which  has  been  determined  by  spirit-le 
or  previous  vertical  angulation,  he  may  determine  the  ele 
tion  of  other  located  points  which  are  within  view^  as  a  hou; 
on  a  neighboring  road  or  hillside,  or  a  summit,  by  reading  an 
angle  to  them  with  the  alidade  and  measuring  the  plotti 
distance  on  the  plane-table.  In  this  way  he  may  keep  ele 
tions  placed  ahead  of  him  on  adjacent  roads  or  hills  oV( 
which  he  expects  to  travel,  or  he  may  bring  those  elevations 
to  him  after  he  has  reached  such  positions* 

In  all  such  vertical  angulation,  either  performed  in  the 
course  of  traverse-work  or  of  sketching,  the  topographer  must 
bear  in  mind  clearly  the  fact  that  the  accuracy  of  the  determi- 
nation is  dependent  on  the  d instance  and  on  the  difference  of 
elevation  or  degree  of  the  angle  read.  The  smaller  the  dis- 
tance the  steeper  may  be  the  angle,  and  yet  produce  no  great 
error ;  the  greater  the  distance  the  smaller  must  be  the 
(Verify   by    Table    XV.)       Reliance  should    not    be 


an 

I 
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where  the  scale  is  about  one  mile  to  one  inch  and  the  con- 
tour interval  about  20  feet  on  angles  exceeding  2  degrees  at 
distances  of  2  or  3  miles.  The  same  proportion  holds  true 
(or  different  contour  intervals  and  scales,  and  the  degree  of 
accuracy  with  which  the  base  elevation  is  determined  and  the 
platted  positions  are  fixed. 

163.  Vertical  Angulation  from  Traverse. — In  traversing 

with  the  plane-table  opportunity  frequently  arises  to  obtain 

the  elevation  of  near-by  points  as  referred  to  the  known  heights 

of  the  traverse  stations;    or,   vice  versa,   the  heights  of  the 

traverse  stations  may  be  obtained  by  vertical  angulation  from 

points  the   elevation    of  which    is   already  known.     This    is 

done  by  reading  angles  with  the  telescopic  alidade  or  with 

the  vertical-angle  sight-alidade  (Arts,  59  and  62)  from  some 

traverse    station    to    the    object    the    difference    in    elevation 

of  which  is   to    be    determined.     The    angle    read»   together 

with  the  distance  measured  on  the  plane-table  board,  furnish 

data  from   which  to  compute  or  to  obtain  from  tables  the 

L     ^differences  in  elevation*      By  this  means  the  heights  of  trav- 

^Krse  stations    may   be   frequently   obtained   and   the   aneroid 

^checked  thereby,  and  then  the  heights  of  minor  surrounding 

R'oints  may  be  obtained  at  intermediate  stations  on  the  trav- 
rse  from  the  adjusted  aneroid  elevations. 
An   example  of  traverse   notes  accompanied   by  vertical 
ngulation  is  as  follows: 
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^H     The  anffU  used  m  the  camputaiton  is  the  difference  be- 
^tween  the  angle  read  when  pointing  at  the  station  sighted 
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and  that  when  the  telescope  is  horizontalt  as  shown  by  the 
striding-level  (Art.  i6i).     The  distance  is  measured  directly 
by  stadia,    odometer,   chain,   or    upon  the  plane-table  sheet 
(Arts*  1 02,  98»  and  99).     The  difference  of  elevation  is  ob< 
tained  by  computation  (Arts.  161  and  164).     The  correction 
to  curvature  and  refraction  (Art,  166)  is  applied  to  the  dif- 
ference of  elevation    and  gives  a    resulting  elevation    in    the 
last  column.     Account  must   be  taken  of  the  height  of  \\\ 
strument,    about    4I    feet.     Such    an    example  would    apply 
either  to  observations  taken  from  stations  to  points  about  the 
traverse  or,  as  in  this  case,  to  backsights  and   foresights  on 
the  traverse  line.     The  fact  of  the  siglit  being  a  backsight  or 
a  foresight  is    indicated   by    a   -|-    or   ^   sign   in    the  index 
column,   which  affects  the  application  of  the    correction    for 
curvature  and  refraction,  as  the  latter  is  always  algebraically 
positive. 

164,  Trigonometric   Leveling,   Computation,-^To    de- 
termine the  difference  of  elevation  by  zenith  distances^  let 


Z  and  Z*  ^  the  measured  zenith  distances  at  the  two  sta* 

tions ; 

D  =  the  distance  between  stations,  in  meters; 

R  —  radius  of  curvature  of  the  arc  joining  the  two» 
in  meters; 

C  =  angle  at  the  center  of  the  earth  subtended  by 
this  arc ;   and 

i/and  H*  =  the  heights  of  the  two  stations  observed; — then 

D 


C^ 


R  sin  I" 


.      .      (28> 


and 


H-'H'^ 


Z>sin  iiZ^Z") 
cosin  \\Z  ^  Z'  +  Cy 


.     (29, 
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The  value  of  R  or  of 


may  be  computed   for 


R  sin  r 

diflerent  latitudes  and  for  varying  angles  from  Table  XVI, 
based  on  Clarke's  Constants  and  taken  from  the  report  of  the 
U.  S.  Coast  and  Geodetic  Survey  for  1877* 


Table   XVL 

LOGARITHMS  OF   RADIUS   OF   CURVATURE,  R,  IN    METERS, 


[ 

i 

< 

UtHude. 

f 

»♦•           -«■     1 

»«• 

!»• 

3.- 

34' 

3«* 

0 

10 

tS 

«o 

3«> 

S 

1; 
■5 

39«3 

6.80,5,7 

a7S<> 
=875 

3994 
43*4 
#7<» 
4Ba» 

6,«o:SJ 

6.8oa7« 
»739 

3671 
4070 

44<* 
4753 
4W9 
4953 
5006 

6.8050^3 

6,8o78s> 

*9t9 
jooo 

Jilt 
4150 

49*8 

4999 

5<^9 

6805066 

6Sc«9sa 
3004 

JOS* 

e«3o 

i 

4gt9 
S047 

6,805111 

6.8oji>9 
3'45 

13 

499c 

50»a 

5097 

6.B0SI59 

«i.  803374 
3*89 
333* 
3404 
3500 
3757 
4073 
44<>T 

4««0 
SOT* 
5i4l 

$193 

6.Bo5«7 

38*        1        40-* 

4>- 

44* 

46* 

48* 

SO* 

r^rpcndictilAr... 

0 
5 
to 

ts 

ao 
3^ 

40 

g 
£ 

is 
90 

6.to34M 
343J 
347« 

i 

4»79 
4498 
4797 
yH« 
S»33 
5ioi 

6.80JJS ; 

'-i 

^^ 

4006 

4^9 
4S90 
4«73 
SI04 
51QO 
5»$4 
S>94 
6.805307 

6.«03T»6 
3739 

3917 

4«33 

4400 
4«3 

5345 
6.8o535i 

6.803S80 

45tJ 

4777 
5CW5 
5M9 

53J7 

.  .  *397 
6»8o54o» 

6,804035 

4<H5 
4077 
4130 
4»o» 

%\ 

4871 
5«04 

54'7 

6.84:2 

6.B04189 

::s 

4«77 
4343 
45»9 

^ 

Si8« 

5357 
54»3     ! 
547a 

6.I055U 

6.80434. 
435; 
4378 

4484 
4647 
4846 
5058 
5257 

54JO 
5S*« 

Example. 
A' ^  25951  ■'.6. ....  .distance  between   two   stiLtjonB,  Santa  Cnu  and  Mount 

Bache^  California* 
Z==S7**  35'oi"»o6   observed   at  Santa   Cruz  station,  reduced  to  ground   ;it 
Mount  Bache. 
Z' =  ^*  35'34",20   observed  at  Mount   Bache.  reduced  to  ground  at  Santa. 
Cru2  station. 

L  —  57*  oz' . ,  .mean  latitode  of  the  two  stations* 

Anfle  ^  51*  55'' -  .angte  made  by  Hne  with  the  meridfan. 
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Computation  of  *  —  h\ 

logA' 4.1790  Z'-Z..,.  5«>33''i4     JogA^ 4,1790 

colijg  ^  sin  I'  8.5101  \{Z*-  Z)..  2  30  16.57  log  sin  ^(Z'  ^Z).,,.  8.6405 
Z'—  Z  ^C   5  13  28.06  oolog  cos  |(Z'— Z-l-Qo.ooQi 

log  C. 2.S«9i  4(Z'-Z+Q  2  36  44.03  

C=            774  5^5  3.0i99 

Diflereiicc  in  lieigbt  .,.*..,...- , , 1046.90 

Santa  Cruz  statioti  a^bove  mean  tide — by  spirit-level 10S.S7 

Mount  Uache  above  mean  tide . . . .    , 1 155. 77 

165.  Errors  in  Vertical  Triangulation. — In  this  class  of 
leveling  there  are  several  sources  of  error,  the  most  import- 
ant of  wliich,  perhaps,  is  the  refraction  of  the  atmosphere. 
In  vertical  angulation  (Art,  161)  this  may  be  compensated 
by  applying  approximate  or  mean  corrections.  In  more  pre* 
cise  trigonometric  leveling  the  amount  of  refraction  should  be 
determined  by  direct  observation  in  order  that  the  correction 
may  be  most  accurately  applied*  The  correction  of  largest 
amount  is  that  for  curvahtre^  but  this  is  accurately  known. 
Other  sources  of  error  are  due  to — 

1.  Errors  of  measurement  of  the  distance  between  the 
objects; 

2.  Errors  of  the  instrument,  both  of  graduation  and  of 
level-bubble;   and 

3.  Errors  of  pointing  on  the  signal,  or  its  height  or  defini- 
tion. 

Most  of  tlie  errors  of  instrument  excepting  those  of  gradu- 
ation may  be  eliminated  by  taking  direct  instrumental  obser- 
vations on  the  object  sighted  and  reading  the  level  and  verti- 
cal circle,  then  reversing  the  instrument  in  its  wyes  and  again 
reading  the  angle.  Half  the  difference  of  the  reading  would 
thus  be  corrected  for  the  difference  of  level.  Shifting  the 
vertical  circle  and  repeating  the  reading  would  aid  slightly  in 
further  reducing  the  errors  of  graduation  and  observation. 
These  errors  are  small,  however,   compared   with  the  errors 
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arising  from  refraction,  which  can  only  be  partially  eliminated 
by  observing  on  different  days  in  order  to  get  different  atmos** 
pheric  conditions.     The  best  results  in  trigonometric  leveling 

^^re  to  be  obtained  at  such  times  of  the  day  as  refraction  is 

H^ast. 

^H     i66.  Refraction  and  Curvature. — The  coefficient  of  re- 

^^raction  or  the  proportion  of  intercepted  arc  is  determined 
from  the  observed  zenith  distances  to  two  stations,  the  rela- 
tive altitudes  of  which  have  been  determined  by  the  spirit- 
level  ;  or  from  reciprocal  zenith  distances,  simultaneous  or 
not,  under  the  assumption  that  the  mean  of  a  number  of  ob- 
servations taken  under  favorable  conditions  will  eliminate  the 
differences  of  refraction  found  to  exist  even  at  the  same  mo- 
ment at  two  stations  a  few  miles  apart.  The  difference  of 
height  from  trigonometric  leveling  being  dependent  upon  the 
coefficient  of  refraction  multiplied  by  the  square  of  the  dis- 
tance, it  is  therefore  evident  that  the  longer  the  line  the 
greater  will  be  the  error  caused  by  any  uncertainty  in  the  co- 
efficient, and  that  there  is  therefore  a  limit  to  the  distances 
for  which  any  assumed  mean  values  of  refraction  can  be  de- 
pended upon  for  accurate  results. 

The  coefficient  of  refraction  is  the  angle  of  refraction  di- 
vided by  the  arc  of  the  earth's  circumference  intercepted 
between  the  observer  and  the  station  observed. 

Let  £*=  angle  at  the  earth's  center,   subtended  by  two 
stations,  s  and  s  \ 
/=  angle  of  refraction;   and 
r=  coefficient  of  refraction; — then 


/=j-j(Z'+Z-i8o'), 

rU..     .     . 

c 


(30) 


The  value  of  cXn  seconds  can  be  found  from  the  expression 

d 


c    = 


^sin  i' 


(31) 
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in  which  d  is  the  distance  between  the  two  stations,  and/  is 
the  radius  of  the  earth. 

Refraction  is  least  and  is  comparatively  stationary  between 
9  A.M.  and  5  P.M.  It  is  greatest  early  in  the  mornings  and 
after  3  P.M.  it  increases  in  amount  and  variation  to  a  maxi* 
mum  during  the  night.  The  value  of  the  cocfTicient  of  re- 
traction  r  differs  according  to  various  observations  from  0,06, 
observed  by  the  U.  S.  Lake  Survey  in  central  Illinois,  to  0.08, 
observed  by  the  U.  S.  Coast  and  Geodetic  Survey  itt  New 
England  near  the  sea-level,  and  in  the  interior  of  the  coun- 
try or  at  considerable  altitudes  between  0*065  and  0,07. 

The  amount  and  method  of  application  of  the  correction 
for  the  curvature  of  the  earth  have  been  briefly  indicated  in 
Articles  160  and  161,  The  amount  of  this  correction  for 
various  distances  is  more  fully  shown  in  Article  239,  which 
gives  also  in  tabular  form  (Table  XXXI)  the  amount  of  re- 
fraction and  the  combined  amount  of  the  two. 

167.  Leveling  with  Gradienter. — The  gradientcr  screw 
may  be  used  as  an  adjunct  to  a  tachymetric  instrument.  1st,  for 
the  purpose  of  measuring  vertical  angles  and  thus  determining 
differences  of  elevation  ;  and.  2d,  as  a  telemeter  for  the  mcas-, 
urement  of  horizontal  distances  (Art.  114).  The  gradientcr  is 
a  tangent  screw  with  micrometer  head  attached  to  the  horizon* 
tal  axis  of  the  telescope.  Originally,  as  its  name  implies,  the 
gradienter  was  employed  in  locating  grades  on  railway  and 
canal  surveys.  It  has  also  been  satisfactorily  employed  by 
the  writer  in  interpolating  contours  on  uniform  slopes  espe- 
cially in  the  survey  of  reservoir  sites. 

To  iecate  a  grade  of  2  J  per  cent,  for  example,  which  is  m 
grade  of  2^  feet  per  hundred,  the  telescope  is  leveled  and  the 
head  of  the  gradienter  screw  read.  Then,  for  a  screw  gradu* 
cited  so  that  one  revolution  corresponds  to  one  foot  in  too> 
the  same  must  be  revolved  2^  turns,  when  the  line  of  sight 
of  the  telescope  will  be  on  the  grade  desired.  The  gradientcr 
may  be  employed  in   measuring  elevations  by  means  of  verti- 
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cal  angles  in  terms  of  the  tangent.  For,  with  a  knowledge  of 
the  horizontal  distance  obtained  by  the  gradienter  (Art.  1 14) 
or  otherwise,  a  small  vertical  angle  may  be  read  by  the 
micrometer  screw,  or  large  ones  read  with  the  vertical  arc  of 
the  instrument  supplemented  by  the  micrometer  screw,  and 
this  vertical  angle  in  connection  with  the  distance  gives  the 
data  from  which  to  compute  the  difference  of  height  (Art. 
161). 
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l68.  Barometric  Leveling. — Barometric  leveling  is  espe- 
cially adapted  to  finding  the  difference  between  two  points  at 
considerable  horizontal  or  vertical  distances  apart  and  which 
are  unconnected  by  any  system  of  plane  sur\^ey.  As  a  result 
it  is  the  most  speedy  though  least  accurate  of  the  methods  of 
leveling.  It  is,  however,  very  useful  in  making  exploratory 
or  geographic  surveys  over  extensive  areas  or  for  making  re- 
connaissance surveys  for  railroads  or  similar  engineering  works. 
Barometric  hypsonietry  is  frequently  the  only  means  by  which 
approximate  elevations  may  be  determined  in  the  progress  of. 
rough  or  reconnaissance  surveys. 

.    Two  general  classes  of  instruments  are  employed  in  the 
making  of  hypsometric  observations  in  such  surveys,  namely: 

1,  The  cistern  or  mercurial  barometer;   and 

2.  The  aneroid. 

Both  of  these  instruments  arc  dependent  upon  the  differ- 
ences of  atmospheric  pressure  at  two  different  elevations.  The 
higher  we  rise  above  sea  level  the  less  the  depth  of  atmos. 
phere  above  us,  and  consequently  the  less  its  weight  and  the 

I  height  to  which  it  will  raise  or  counterbalance  a  column   of 

I  mercury.     Thus,  if  the  barometer  records  30  inches  of  prcs- 

I  sure,  that  is,  sustains  a   column  of  mercury  thirty  inches  in 

h eight ♦  at  the  level  of  the  sea,  it  will,  at  an  elevation  of  tooo 
I  feet,  sustain  a  column  of  approximately  28.9  inches.     The 

374 


METHODS   AND   ACCURACY. 


■^  "^  c 


ft 


aneroid  is  a  much  more  cempact  instrument  than  the  mercu- 
rial barometer,  more  portable,  and  is  carried  in  a  metal  case 
similar  to  that  of  a  large  watch. 

169*  Methods  and  Accuracy  of  Barometric  Levelin^f.— 
The  differences  of  atmospheric  pressure  as  recorded  by  barom- 
ers  is  affected  by  the  temperature,  and  compensation  for 
emperaturc  must  be  made  in  order  to  obtain  the  best  results 
from  barometric  measurements.  Ordinarily  the  aneroid  or 
mercurial  barometer  is  adjusted  at  the  elevation  of  the  start- 
ing-point, and  readings  are  taken  at  various  points  the  heights 
of  which  are  to  be  determined  and  the  elevations  to  which 
they  correspond  are  computed  therefrom.  More  accurate  re- 
Tsults  can  be  obtained  by  the  synchronous  readings  of  two 
barometers,  one  of  which  remains  stationary  at  a  known  elc* 
vation»  while  the  other  is  read  at  points  the  heights  of  which 
are  to  be  determined,  and  the  difference  between  the  two 
gives  the  data  from  which  to  compute  the  differences  in 
height. 

As  the  weight  of  the  atmosphere  and  the  consequent  record 
of  the  barometer  are  affected  by  humidity  far  more  than  by 
temperature^  the  readings  of  two  instruments  which  are  af- 
fected by  approximately  the  same  atmospheric  conditions 
give  a  better  relative  difference  in  height  than  could  be  ob- 
tained by  the  reading  of  one.  Forty  or  fifty  determinations 
of  elevations  by  mercurial  barometer  were  obtained  ten  or 
fifteen  years  ago  in  widely  separated  regions  in  the  course  of 
the  early  hyposometric  surveys  of  the  U,  S.  Geological  Sur- 
vey at  points  the  elevations  of  which  %vere  known  from  spirit- 
^^vehng.  It  is  interesting  to  note  that  the  average  error  in 
^Blicse  determinations  was  but  a  little  over  8  feet,  and  the  ex- 
[  treme  error  17  feet.  It  is  thus  seen  that  under  the  most 
I  varying  conditions  where  a  barometer  is  carefully  and  well 
^^sed  fairly  satisfactory  results  may  be  looked  for,  though  un- 
^^ccoun table  atmospheric  disturbances  may  give  results  in 
error  over  100  feet  under  apparently  favorable  conditions. 
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170.  Mercurial  Barometer. — The  mercurial  barometer 
consists  of  two  parts,  the  ci^tLrn  and  the  tube.  The  cistern 
is  made  up  of  a  glass  cylinder,  E,  through  which  the  surface  of 
the  mercury  can  be  seen ;  an  upper  inclosing  plate.  Gr,  through 


Fic. 


Tuoe. 


Cistern. 

113.— Section  throtigh  Cistern  and  Tube  of  Merccmal 

Harometkr, 


which  thelower  end  of  the  barometer  tube,  /^passes  and  to  which 
it  is  fastened  by  a  piece  of  kid  leather,  so  as  to  make  a  strong 
but  flexible  joint.  (Fig.  1 13.)  Below  these  and  to  this  plate 
is  attached  by  long  screws,  P^  a  lower  metal  cup  from  which  is 
suspended  a  wooden  reservoii  or  cistern,  J/,  the  bottom  portion 
of  which  is  formed  by  a  kid  or  chamois-leather  bag,  N.    This  is 
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so  contrived  that  it  may  be  raised  or  lowered  by  means  of  an 
adjusting-screw,  (?,  and  the  surface  of  the  mercury,  as  seen 
through  the  glass  cylinder,  can  be  brought  to  exact  contact 
with  an  ivory  pointer,  q,  when  the  instrument  is  to  be  read. 
When  being  transported  the  adjusting-screw  is  turned  up 
tightly  until  the  mercury  completely  fills  the  tube,  when  the 
latter  can  be  inverted  and  carried  with  the  cistern  end  upper- 
most, so  as  not  to  be  liable  to  breakage  by  the  jar  or  shock  of 
the  mercury  splashing  against  the  upper  end  of  the  glass  tube. 
When  being  read,  and  after  the  index-point  has  been  brought 
to  exact  contact  with  the  mercury  surface,  a  sliding  scale^  on 
which  is  a  vernier,  is  brought  to  corresponding  contact  with 
the  upper  surface  of  the  mercury  in  the  tube  by  turning  a  screw, 
D,  and  the  reading  on  the  vernier  is  recorded. 

Though  the  barometer  may  be  received  filled  from  the 
maker,  one  who  uses  it  should  understand  how  to  fill  it  in 
case  of  the  not  improbable  breakage  of  the  tube.  The  mer- 
cury used  \n  filling  a  barometer  should  be  mechanically  pure, 
and  is  best  transported  in  short  iron  tubes  made  of  sections  of 
gas- pipe.  It  is  rarely  necessary  to  boil  the  mercury  in  the 
tube  to  expel  moisture  or  air,  as  is  the  general  practice,  since 
barometers  can  with  a  little  practice  be  filled  in  a  sufficiently 
satisfactory  manner  with  cold  mercury. 

tif  a  new  glass  tube  is  to  be  inserted,  this  should  be  trans- 
rted  in  a  box  for  safe  packing,  and  the  ends  should  be  sealed 
until  required  for  insertion,  when  the  lower  end  is  to  be  cut 
off  with  a  sharp  file  and  the  edges  filed  straight  and  smooth, 
or,  better,  heated  over  a  flame  until  they  are  rounded  by 
fusion.  The  mercury  should  then  be  dropped  in  the  open  end 
of  the  tube  slowly  through  a  clean »  rough  paper  funnel  with  a 
hole  so  small  as  only  to  let  the  mercury  through  a  drop  at  a 
time,  thus  filtering  it.  When  the  tube  is  filled  within  a  quarter 
[an  inch  of  the  top,  the  open  end  must  be  closed  with  a  piece 
jchamois  placed  over  the  thumb,  and  the  bubbleof  air  which 
nains  is  to  t>e  run  back  and  forth  in  the  tube  by  inclining  it 
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SO  as  to  gather  together  all  small  atr-bubbles  adhering  to  the 
inside  of  the  glass. 

When  all  the  bubbles  have  been  collected  turn  the  tube 
up  again  so  that  the  large  bubble  shall  pass  to  the  open  end. 
This  should  then  be  completely  filled  with  mercury,  and  i 
little  of  the  mercury  may  be  again  let  out  pud  the  same  oper- 
ation repeated  with  an  expanded  or  vacuum  air-bubble  until 
all  the  air  has  been  removed.  This  can  be  distinguished  by 
letting^  the  column  of  mercury  run  sharply  against  the  dosed 
end  of  the  tube,  when  it  will  give  a  clear  metallic  click  if 
there  is  no  free  air  in  the  tube.  The  tube  is  then  placed  open 
end  upward,  again  filled  to  overflow^ing  with  mercury,  top 
plate  and  glass  plate  on  upper  half  of  wooden  cistern  screwed 
tightly  on.  The  cistern  is  then  filled  with  mercury  to  over- 
flowing; and  the  lower  half,  carr>'ing  the  kid  bag  is  placed  on 
it  and  the  two  halves  of  the  cistern  joined  together.  Now 
screwing  on  the  outer  metal  case  and  having  the  adjusting*screw 
tightly  fastened  up,  the  instrument  may  be  reversed  or  placed 
in  its  upright  position,  when  it  is  ready  for  use,  A  similar 
operation  has  to  be  repeated  in  case  the  mercur>^  in  the  cistern 
has  become  dirty  or  the  ivory  point  dirty  from  oxidation,  it 
being  necessary  to  first  tighten  up  the  adjusting-screw,  invert 
the  instrument,  and  remove  the  lower  half  ol  the  cistern, 

171.  Barometric  Notes  and  Computation — There  arc 
several  modes  of  keeping  barometric  notes  as  well  as  of 
computing  them,  according  to  the  formulae  employed.  The 
general  theory  on  which  barometric  work  is  computed  depends 
upon  the  fact  that  at  sea-level  the  weight  of  the  column  of 
atmosphere  above  any  given  point  is  approximately  15  pounds 
to  the  square  inch,  which  is  sufficient  to  raise  a  column  of 
mercury  in  a  vacuum  tube  to  the  height  of  30  inches.  As 
one  ascends  the  pressure  diminishes  because  of  the  diminution 
in  the  height  of  the  colunin  of  air  above.  But  this  diminu- 
tion is  not  in  a  simple  ratio  depending  on  altitude  because 
there  are  varying  densities  in  the  strata  of  air  produced  largely 


BAKOMBTRIC  NOTES  AND    COMPUTATION. 


379 


by  retained  moisture  and  wind -pressure.  Moreover,  each 
succeeding  layer  of  air  is  less  dense  than  that  which  underlies 
it  by  the  weight  of  the  stratum  beneath  it.  The  difference 
in  heights  of  any  two  places  is  equal  to  the  difference  between 
the  logarithms  of  the  air-pressures  at  those  two  places  muU 
iplied  by  a  certain  constant  distance.  It  is  this  relation 
rhich  gives  the  first  and  principal  term  in  the  various  tables 
for  reducing  barometric  work.  Numerous  determinations  of 
the  pressure  constants  have  been  made*  and  these  produce 
the  principal  differences  in  the  various  tables. 

The  more  important  barometric  tables  are  dependent  origi- 
nally on  Laplace's  formula  and  the  use  of  his  coefficients. 
One  of  the  tables  first  and  most  extensively  used  in  this 
country  is  known  as  Williamson's  Table»  having  been  first 
expounded  in  a  treatise  by  Lieutenant-Colonel  Williamson  on 
the  *'  Use  of  the  Barometer,"  The  tables  generally  accepte<| 
now  as  giving  the  best  results  are  A,  Guyot's* 

Laplace's  formula  reduced  to  English  measures  is  as 
follows: 


f=log  ^X  60158.6  Eng.  ft. 


(1  + 


/+r-64) 


900 

(l  +0.0026  cos  2i) 
(I  O-       ~  ^    ^4 


h       ) 


2O886S6O       '      10443430)' 


which 


1     A    =  the  observed  height  of  the  barometer, 
^r    =  the  temperature  of  the  barometer, 
^B    =  the  temperature  of  the  air, 
'    K  =^  the  observed  height  of  the  barometer, 

r'  ^  the  temperature  of  the  barometer, 

/'  =  the  temperature  of  the  air» 

Z  ^=  the  difference  of  level  between  the  two  barometers; 
=  the  mean  latitude  between  the  two  stations; 


at  the  lower 

station ; 

at  the  upper 
station. 
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//—  the  height  of  the  barometer  at  the  upper  station  reduced 
to  the  temperature  of  the  barometer  at  the  lower 
station,  or 

H^'  \  I  +  O.oooo8967(r  —  r')}. 

The  expansion  of  the  mercurial  column  for  l^  Fahrenheit^ 
=  0*00008967 ; 

The  increase  of  gravity  from  the  equator  to  the  poles  =^ 
0,00520048  or  0.0026  to  the  45th  degree  of  latitude; 

The  earth's  mean  radius  =  20,886,860  Eng.  ft* 

An  extremely  interesting  method  of  computing  differ- 
ences  of  elevations  barometrically  was  devised  by  Mr.  G,  K, 
Gilbert  of  the  U.  S.  Geological  Survey*  Mr.  Gilbert  made 
an  entirely  new  departure  in  barometric  measuring.  He 
abandoned  Laplace's  formula,  substituting  a  new  formula 
involving  none  of  his  constants  and  having  but  a  single  ele- 
ment in  common.  The  old  method,  that  based  on  Laplace's, 
and  by  which  Giiyot's  and  Williamson's  Tables  were  prepared, 
was  dependent  on  the  thermometer  and  the  difference  of 
temperature  as  recorded  by  it.  The  new  method  abandons 
the  thermometer  and  employs  the  barometer  alone. 

Gilbert  decided  that  there  was  an  atmospheric  graditi 
that  is,  that  the  difference  of  atmospheric  pressure  betw 
two  points  at  different  altitudes  differed  in  some  proportion 
to  these  altitudes.  Thus  a  plane  passing  through  the  sum* 
mits  of  verticals  erected  above  the  two  points  is  inclined  in 
some  direction  because  the  pressures  are  on  unequally  differ- 
ent altitudes.  Gilbert  determined  that  there  were  diurnal 
and  annual  variations  in  this  gradient,  and  that  in  order  to 
properly  determine  difference  of  altitude  by  the  baromet 
the  gradient  must  be  considered,  and  his  mode  of  so  doing 
to  establish  two-base  barometer  stations,  one  as  high  as  the 
highest  of  the  points  the  elevations  of  which  are  to  be  deter* 
mined,  the  other  as  low  as  the  lowest.  These  should  be 
synchronously  at  intervals,  say  of  one  hour,  and  the  mov 
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barometer  is  Corrected  by  reduction,  not  to  one-base  barometer 
but  to  two»  so  that  it  can  be  placed  in  its  gradient  somcwheie 
between  the  two  barometers  which  are  at  known  altitudes. 

172.  Example  of  Barometric  Computation. — Below  is 
fcven  an  example  of  an  observation  made  by  a  moving  barom- 
eter at  McKenzie  Mountain,  N,  M.,  while  at  the  same  hour 
a  station  barometer  was  observed  at  Fort  Wingate,  N,  M.»  the 
.altitude  of  which  is  known.  The  station  or  base  barometer 
%s  assumed  to  be  without  an  instrumental  error.  The 
loving  barometer  was  compared  with  it  at  the  beginning  of 
le  season.  May  i,  and  was  reduced  to  it  by  first  reducing 
the  readings  to  32  degrees  Fahrenheit  and  then  subtracting 
the  readings  of  the  moving  from  the  base  barometer*  The 
five  comparative  readings  ranged  between  +  .002  and  —  .005, 
with  a  mean  of  —  .003  inches  as  the  error  of  the  moving 
barometer, 
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The  computation  by  the  Guyot  method  is  illustrated  in 
the  following  example  side  by  side  with  a  computation  by 
the  Williamson  method  in  order  that  the  difference  between 
the  two  may  be  noted.  The  terms  /?^(//)  and  Dt{H)  are 
obtained  from  Table  XVII,  the  argument  for  Dj^ft)  being 
the    height   of  the   barometer  at    the    base  station,   ami    the 
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BAROMETRIC  DETERMINATION  OF  HEIGHTS. 

FIELD  SEASON,    18S3. 

Party  No.  I.  Division  of  Fort  WimgrnU.  ^T.  If* 

H.  M.  Wiit^n.  CompuHr. 
Observations  recorded  in  books  No,  306  and  No,  309. 


Names  of  Tables,  etc. 


Date 

No.  of  synchronous  obs 

Lower  station 

Upper  station 

Bar.at32'|^  Z, 

Temperature  < 

L^  +  Z"  = 

Humidity  s  a  = 

U  +  «'    = 

Latitude      = 

Di{h)  = 

Di(H) 

ist  approx.  = 

/>u  = 

2d  approx.  = 

/?iii  = 

D\v  = 

Dy  = 

3d  approx.  = 

Dv\  = 

JDrii  = 

Correct  for  (a  4"  «')  = 

Diff.  of  altitude  = 

Altitude  of  reference  station  =. 
Altitude  of  new  station,  feet  = 
Remarks: 


WiUiaouoa^s 
Compuutioo. 


May  31,  9  and  10  A. 

2 

Wingate 

McKenzie 

23.404 

22.0S7 

77 
57.5 


134- 5 
.130 
.284 
.414 


35*  30' 


22 
10'. 


22299 

20745 

1554 
112 

1666 

2 
4 

I 

1673 


1677 
6973 
8655 


Gayot*»  CoapmatloiL 


% 
Wiogate 
McKeniie 

23.4<H 
22.057 

77 
57.3 


134.5 


35' 30* 


22216 
20667 

1549 
122 

1671 

2 
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I 

1678 


1678 
6978 
86s6 
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argument  for  D,{H)  the  height  of  the  moving  barometer.  If 
the  new  station  be  lower  than  the  base,  the  difference  between 
D*{h)  and  D^{H)  is  given  a  negative  sign.  The  corrections 
\^^  Z>^^,,  etc.,  are  added  to  the  first  approximate  result  regard- 
ss  of  its  signs^  attention  being  paid  to  the  signs  of  the  cor- 
rections,  which  are  generally  positive. 

The  correction  D^^  is  the  product  of  the  first  approxima- 

ion  into  the  factor  found  in  Table  XVIII,  the  argument  for 

which  is  r  —  /'  or  the  sum  of  temperatures  of  the   detached 

ermometers  of  the  two  stations.    When  the  humidity  correc- 

i^n  is  used  the  relative  humidities  arc  first  found  from  Lees 

Tables,  the  arguments  being  the  difference  between  the  wet 

and  dry  bulbs  and  the  reading  of  the  wet  bulb,  though  this 

correction  scarce  affects  the  result  appreciably  and  may  be 

mitted, 

173,  Guyot's  Barometric  Tables. — ^Table  XVII  gives  in 
English  feet  the  value  of  log  H  or  A  X  60158,6  for  each 
hundredth  of  an  inch  from  12  to  31  inches  of  barometric 
pressure.  The  additional  thousandths  are  obtained  in  a  sepa- 
rate column* 

Tabic  XVIII  gives   the  correction  2.343  feet  X  (^  —  ^') 

for  the  different  temperatures  of  the  barometers  at  the  two 

stations;   and  as  thaL  at  the  upper  station  is  generally  lower* 

r  —  r'  is   generally    positive    and    the   correction    negative, 

I      This  correction  becomes  positive  only  when  the  temperature 

^*>f  the  upper  barometer  is  higher. 


Table    XIX 


Z  4-  52252 

shows   the    correction  /?' — ^oovk^  -    to  be 

20886860 


applied  to  the  approximate  altitude  for  the  decrease  of  grav- 
ity on  a  vertical  acting  on  the  density  of  the  mercurial 
column.     It  is  always  added. 


Table  XX  furnishes  the  small  correction 


10443430 
the  decrease  of  gravity  on  a  vertical  acting  on  the  density  of 
the  air.     This  correction  is  always  added. 
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This  correction  is  ntgmtive  when  the  attnched 
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Table  XX, 


CORRECTION    FOR  DECREASE   OF   GRAVITY    ON  A  VERTICAL 

(FroBi  Soiitbaonian  MiaceUaaeous  CoolributionsJ 
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Table  XXI. 

CORRECTION  FOR   THE  HEIGHT   OF  THE   LOWER   STATIOK- 

POSITIVE. 

(From  Smithsonian  Miscelldineous  Contributions.) 
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174.  Aneroid  Baroraeten — This  instrument  depends  for 
its  operation  on  a  shallow  cyHadrical  metal  box,  the  top  of 
which  is  made  q(  corrugated  metai  and  is  so  elastic  as  to  read- 
ily yield  to  changes  in  the  pressure  of  the  atmosphere.  The 
interior  of  this  box  is  tx/i4ii4sUd  of  air,  so  that  when  the 
atmospheric  pressure  increases  the  top  is  pressed  inwards,  and 
when  it  decreases  the  elasticity  of  the  corrugated  top  moves 
it  outwards.  These  movements  are  transmitted  by  multiply* 
ing  levers,  chains,  and  springs  to  an  index  which  moves  over 
a  scale.     (Fig.  1 14.) 

Aneroids  as  made  by  various  instrument-makers  difTer  in 
the  mechanism  employed  to  multiply  the  linear  motion  of  the 
end  of  the  vacuum  index  and  in  the  arrangement  of  figures 
oa  the  face  of  the  scale.  The  instrument  is  graduated  by 
comparing  its  indicator  under  different  pressures  with  those 
of  a  mercurial  barometer^  and  is  tested  in  a  vacuum  pump, 
and  a  scale  of  correction  is  usually  prepared  with  a  view  to 
waking  it  independent  of  temperature  changes.  At  the  back 
of  the  instrument  is  a  screw  which  presses  against  the  end  of 
the  vacuum  box  so  that  it  may  be  adjusted  at  any  base 
elevation  • 

The  scales  on  the  face  are  usually  two  in  number,  one  for 
inches  of  atmospheric  pressure,  and  the  other  for  altitude  in 
feet.  The  scale  of  feet  is  frequently  made  movable  so  that  it 
niay  be  set  at  a  known  altitude  opposite  to  the  index  pointer, 
»ifter  which  changes  in  tlic  index  hand  will  indicate  relative 
changes  in  altitudes  as  based  upon  the  setting, 

175,  Errors  of  Aneroid. — The  aneroid  is  very  convenient 
I  ^a  movable  instrument,  requiring  no  time  to  place  it  in  po- 
l^lion  for  observing,  as  does  the  mercurial  barometer,  and  being 
it  all  times  in  condition  for  immediate  and  direct  reading,  as 
is  a  watch.  It  is  inferior,  however,  as  a  hypsometric  instru- 
tncnt  to  the  mercurial  barometer,  chiefly  because  it  is  subject 
to  the  following  sources  of  error: 
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1.  The  elasticity  of  the  corrugated  top  of  the  vacuum 
chamber  is  affected  by  rapid  changes  in  pressure. 

2.  Its  readings  are  affected  by  changes  in  temperature 
which  it  is  impossible  to  readily  compensate. 

3.  The  different  spaces  on  the  scale  are  seldom  correct 
r^elatively  one  to  the  other,  but  the  scale  of  pressure  or  inches 
is  more  accurate  than  the  scale  of  feet»  since  the  latter  con- 
tains tWe  errors  due  to  the  formula  by  which  it  was  graduated. 

4.  The  weight  of  the  instrument  affects  its  indications,  its 
readings  differing  in  accordance  witii  the  position  in  which  it 
is  held. 

5.  It  lacks  in  sensitiveness,  frequently  not  responding 
quickly  to  changes  of  altitude, 

6.  The  chain  and  levers  sometimes  fail  to  quickly  respond 
to  the  movements  required  of  them. 

7.  Because  of  its  containing  so  many  mechanical  parts 
these  are  subject  to  shifting  or  jarring  b\'  movement  made  in 
transporting  it,  the  only  remedy  for  which  is  frequent  com- 
parison with  known  altitudes  or  a  mercurial  barometer. 

'the  aneroid  is  not  an  instrnmeni  cf  precision,  ;kn6  the  least 
reading  which  it  is  capable  of  is  about  0,025  «^f  ^n  inch,  corre- 
sponding to  nearly  23  feet,  and  no  system  of  verniers  nor 
multiplying  scales  will  increase  the  precision.  The  range  ol 
pressure  of  the  aneroid  is  limited ^  and  if  used  for  a  greater 
altitude,  or  a  pressure  lower  than  that  within  its  range,  llic 
spring  runs  down ;  in  other  words,  the  spring  ceases  to  ici 
after  the  pressure  has  been  lowered  too  far.  ^M 

It  frequently  happens,  as  on  the  approach  of  a  storm,  or" 
change  from  stormy  to  clear  weather,  that  atmospheric  pres- 
sures will  change  in  a  few  hours  by  over  an  inch.    This  means 
an  apparent  change  of  elevation   at  the  same  place  of  lOOO 
feet  or  niore.      (Art.  168.) 

176.  Using  the  Aneroid. — The  aneroid  barometer  is  used 
very  extensively  in  the  topographic  surveys  executed  by  the 
U.  S.  Geological  Survey.      Excepting  In  country  of  ver>*  fl^^ 
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:s,  it  has  been  used  almost  exclusively  by.tJtj.^^  orgpni- 
zation  in  sketching  contpprs  over  an  area  of  800,009  sijuar^ 
lies    which   have    been    already    mapped.      As    previously 

ated,  the  aneroid  has  been  found  to  be  erratic  and  unreliable 
(or  exact  work.  It  has  also  been  found  that  where  properly 
handled  and  attention  is  paid  to  its  eccentricities  it  is  a  suffi- 
ciently accurate  instrument  to  permit  of  sketching  contours 
of  intervals  not  less  than  20  feet,  in  moderately  rolling  country^ 
with  all  the  accuracy  necessary-  for  a  scale  of  one  mile  to  the 
inch,  and  in  very  mountainous  countq^-  for  even  larger  scale:. 
The  topographers  of  the  U.  S-  Geological  Survey  carry 

neraids  of  the  siPtiplcst  form,  unencumbered  by  verniers  and 
similar  in  size  and  general  appearance  to  that  shown  in  Fig, 
114.  These  instruments  are  from  2  to  2^  inches  in  diameter, 
and  aneroids  of  various  ranges  are  employed  according  to  the 
altitudes  of  the  country  under  survey.  In  a  region  in  which 
the  heights  do  not  exceed  2000  feet  a  3000-foot  aneroid  is 
carried.  When  the  altitudes  exceed  3000  or  4000  feet  a 
jOOO-foot  aneroid  is  carried.  An  aneroid  cannot  be  used 
with  any  safety  in  determining  heights  which  approach  nearly 
to  its  range. 

The  instrument  is  carriid  loosely  as  a  watch  in  the  pocket. 
The  slight  jolting  which  it  thus  receiv^es  in  riding  or  walking 
is  just  sufficient  to  keep  the  needle  from  sticking  and  aid  it 
in  responding  to  the  changes  of  altitude.      In  reading  it  it 

;hould  invariably  be  held  in  the  same  position.  Some  prefer 
hold  it  horizontally,  the  better  way,  however,  is  to  hold  il 
vertically  in  front  of  the  eye,  suspended  by  the  carrying- ring. 
In  reading  it  the  eye  should  always  be  held  in  the  same 
position  with  relation  to  the  needle,  to  avoid  the  effect  of 
parallaxy  and  the  case  of  the  aneroid  should  be  rapped  gently 
but  sharply  in   order  to  loosen  the  spring  or  needle  should* 

ither  stick,  such  rapping  being  more  effective  if  pt;rformed 
ith  a  hard  substance,  as  the  finger*nail  or  lead-pencil,  than 
with  the  fleshy  part  of  the  finger. 
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In  setting  out  to  work,  the  reading  of  the  aneroid  should 
be  noted  to  see  if  it  has  changed  materially  from  the  reading 
noted  in  camp  on  the  previous  day.  This  gives  some  indica- 
tions of  the  condition  of  the  atmosphere.      Before  starting  ou 


I 


the  shding  foot-scale  of  the  aneroid  should  be  revolved  so  thai 
the  hand  shall  point  to  the  altitude  of  the  camp  or  other 
known  elevation  near  the  starting-point.  On  arrival  at  the  field 
of  work  the  aneroid  should  be  again  read  at  some  point  the 
elevation   of  which  is  known,  and  the   effect   of  atmosphere 
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^r  sudden  change  in  height  in  preventing  its  recording  this 
known  elevation  correctly,  as  compared  with  that  at  which  it 
had  been  previously  set  in  camp,  should  be  noted.  If  the 
aneroid  appears  to  have  acted  erratically,  it  should  be  used  with 
great  care  at  first  and  frequently  checked,  lest  the  atmospheric 
conditions  be  unsuited  to  its  use.  There  often  occur  days 
on  which  it  is  impossible  to  use  the  aneroid  (Art,  i/S)^ 
when  results  arc  desired  which  permit  of  sketching  contours 
of  intervals  as  small  as  20  feet.  On  such  days  the  topogra- 
pher should  either  obtain  numerous  check  elevations  by  ver- 
tical angulation,  or  should  confine  his  route  to  sketching  where 
elevations  already  obtained  arc  numerous,  or  should  devote 
himself  to  plane-table  triangulation,  office  work,  or  some  other 
phase  of  his  duties. 

Plf  the  aneroid  seems  in  proper  condition  for  use, — and  this 
best  verified  by  carrying  two  aneroids,  lest  one  for  some 
reason  be  out  of  order, — the  topographer  may  proceed  to 
sketch  contours  by  it  (Arts.  13  and  17).  In  this  work  he 
should  use  only  one  of  the  aneroids,  that  which  seems  in  best 
condition,  making  no  attempt  to  check  it  by  the  other,  or  to 
take  a  mean  of  the  readings  of  the  two,  but  depending  for 
such  adjustment  on  checking  it  by  elevations  obtained  by 
better  methods.  Setting  the  aneroid  at  his  starting-point 
and  at  a  known  elevation,  he  drives  over  the  roads,  consulting 
it  to  determine  the  height  at  each  contour  crossing  of  the 
route  traveled.  He  may  rely  upon  it  for  sketching  contours 
of  small  interval  for  distances  not  exceeding  a  couple  of  miles 
without  rechecking  it.  Where  the  changes  of  slope  arc  not 
great  and  the  journey  is  made  with  considerable  speed,  as  by 
driving  in  a  vehicle,  and  where  the  time  consumed  in  travel 
i|  comparatively  short,  the  aneroid  may  be  safely  used  for 
distances  as  great  as  three  to  five  miles,  though  in  such  cases 
it  may  not  check  out  within  a  contour  interval  on  the  next 
comparison,  when  a  portion  of  the  journey  just  made  must  be 
retraveled  and  the  topography  resketched.     Where  the  con- 
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tour  interval  is  greater   than  30   feet,    as  50   or  even   Too     1 
feett  longer  journeys  may  be  made  and  greater  diflferences  of 
altitude  encountered  without  introducing  errors  in  the  aneroid^j 
reading  which  will  equal  a  contour  interval  in  amount.  ^| 

In  using  the  aneroid  in  the  above  manner  its  exact  reading^^ 
should  frequently  be  marked  on  the  map,   especially  at  all 
junction  points  9?  roads  and  trails.      Accordingly,    as    the 
topographer  in  driving  or  walking  over  the  various  roads 
trails   comes   back  to   one   of  those  points  at  which  he  ha 
already   noted  the  aneroid   height,  thus  closing  a  circHit^  hA 
adjusts  his  aneroid  by  comparison  with  the  recorded  height 
as  though  he  were  adjusting  it  on  an  elevation  obtained  by 
better  methods.      In  this  manner  he  may  be  able  to  extend 
the  range  of  use  of  the  aneroid  by  throwing  out  closed  circuits 
of  aneroid  elevations  one  from  the  other  to  distances  as  great 
as  four  or  five  miles  to  the  next  elevation  of  first  quality  with- 
out introducing  errors  beyond  his  contour  interval.     Such  rc^ 
suits  can  only  be  obtained  under  the  most  favorable  atmo| 
pheric  conditions. 

In  using  the  aneroid  in  geographic  or  exploratory  survey* 
where  frequent  checks  cannot  be  had  on  known  elevations,  or 
by  closing  back  on  aneroid  heights  already  recorded^  the  in- 
strument must  be  handled  in  a  different  manner.  It  must 
still  be  used  \vith  the  same  care,  and  the  beginning  of  the 
journey  must  be  made  in  the  same  manner.  Immediately 
upon  making  a  stop  for  a  rest  or  overnight,  or  for  an  interv^^| 
of  time  of  even  five  minutes,  the  height  indicated  by  the 
aneroid  should  be  at  once  recorded.  In  starting  out  again  the 
aneroid  will  be  again  read,  and  if  the  elevation  which 
records  has  changed,  the  scale  must  be  reset  to  that  noted 
when  the  stop  was  made.  To  get  the  best  results  the  joum< 
should  be  made  as  rapidly  as  possible  from  one  stopping-poit 
to  the  next. 

As  already  stated  (Art.  175),  the  aneroid  acts  sluggiski 
upon  making  any  sudden  change  of  elevation  which  is  consid 
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erable  in  amount.  Thus  in  ascending  or  descending  a  high 
and  steep  hill  the  aneroid  will  fail  to  record  the  full  altitude 
passed  over  if  read  immediately  upon  arrival.  It  should  be 
so  read,  however,  but  a  stop  of  a  few  minutes  should  be 
made  at  the  top  or  bottom  of  an  inclination,  and  thereafter 
the  aneroid  be  again  read,  in  which  case  if  not  affected  by 
unaccountable  atmospheric  conditions  it  will  have  responded 
gradually  to  the  change  of  elevation  and  will  note  an  increased 
difference  of  height.  Frequent  comparison  with  known  eleva- 
tions in  the  conduct  of  aneroid  work  has  shown  that  the  amount 
of  change  by  which  the  record  of  the  aneroid  is  too  small  varies 
from  2  to  5  per  cent,  according  to  the  speed  with  which  the 
journey  has  been  made,  the  condition  of  the  aneroid  itself, 
and  the  difference  of  elevation.  It  is  therefore  safe  to  add 
this  amount  to  or  subtract  it  from  the  record  of  the  aneroid^ 
as  noted  upon  immediate  arrival  at  the  top  or  bottom  of  a 
^■ligh,  steep  slope.  The  scale  of  the  aneroid,  however,  should 
^^ot  be  corrected  for  this  difference,  since  the  aneroid  will 
I  gradually  come  back  itself  to  the  change  of  elevation  which 
it  should  have  originally  noted. 

In  railway  and  other  topographic  surveys  in  Germany 
even  more  faith  is  placed  in  the  results  of  aneroid  readings 
than  the  most  firm  believers  in  the  instrument  in  this  country 
would  advocate.  Mr,  F.  A.  Gelbcke  states  that  a  careful  ob- 
server is  able  to  reach  an  approximation  of  from  three  to  six 
feet  of  elevation  with  certainty.  Such  a  high  decree  of  accu- 
racy is  obtained  of  course  only  where  the  aneroid  is  frequently 
checked  by  reference  to  spirit*!evel  elevations,  as  in  making 
a  topographic  survey  for  railroads,  where  a  base  line  is  lev- 
eled through  and  the  aneroid  is  used  at  comparatively  short 
distances  and  for  small  changes  of  elevation. 

Calculations  of  heights  from  such  observations  are  made 
graphically,  the  aneroid  readings,  after  correction  for  tem- 
perature, being  plotted  on  cross-section  paper.  On  this,  with 
the  aid  of  the  barographic  notations  and  the  readings  at  the 
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bench-marks  and  other  check  stations,  a  horizontal  carve  is 
constructed.  This  is  an  antroid  dktgram^  from  which  it  is 
only  necessary  to  read  the  ordinates  of  the  curve  at  the 
stations,  with  a  scale  varying  to  suit  the  observed  changes  of 
temperaturcp  in  order  to  obtain  the  elevations  of  the  stations. 
Thus  the  desired  heights  are  furnished  without  calculation 
and  in  the  least  time,  and  so  that  large  errors  in  determina- 
tion of  the  elevations  are  practically  excluded, 

177.  Thermometric  Leveling. — Differences  in  elevation 
may  be  ascertained  with  a  certain  degree  of  approximation 
by  means  of  determining  the  bailiHg' point  of  water .  This  is 
because  when  water  is  heated  the  elastic  force  of  the  vapor 
produced  as  it  is  transformed  into  steam  increases  until  it 
becomes  equal  to  the  incumbent  weight  of  the  atmosphere ; 
this  pressure  then  being  overcome,  the  vapor  bursts  into 
steam.  It  is  evident,  therefore,  that  the  temperature  at 
which  water  boils  in  open  air  depends  upon  the  weight  of  the 
column  of  atmosphere  above  it,  and  this  fact  is  made  use  of 
in  determining  the  differences  of  altitude. 

The  temperature  at  which  water  boils  under  different 
pressures  has  been  determined  by  experiment.  It  is  only 
necessary,  therefore,  to  obsene  the  temperature  at  which 
water  boils  at  any  place,  and  by  referring  to  a  table  to  find 
the  corresponding  height  of  the  barometer  or  elevation 
above  the  sea.  Account  may  be  taken  of  the  effect  of  varia- 
tions in  temperature,  moisture,  pressure,  etc.,  but  the  errors 
inherent  in  the  method  itself  arc  so  great  as  to  make  such 
attempt  at  refinement  of  little  value.  Table  XXII  gives  the 
approximate  elevations  above  mean  sea-level  for  different 
temperatures  Fahrenheit  between  190^  and  213**,  and  is  de- 
pendent upon  the  state  of  the  atmosphere. 

The  thermometer  should  be  a  delicately  graduated  glass 
tube,  made  to  show  the  largest  possible  fraction  of  a  degree 
between  those  shown  in  the  table.  It  may  be  immersed 
in  a  kettle  of  steam,  but  more  advantageous  results  can  be 
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obtained  by  using  somt:  sort  of  steam-boiler  which  will 
bring  the  larger  portion  of  its  surface  into  immediate  con- 
tact with  a  good  current  of  steam*  An  apparatus  of  this 
sort  may  consist  of  a  cylindrical  boiler  from  the  center  of 
which  rises  a  chimney  about  2  inches  in  diameter  by  4  inches 
high,  open  at  the  top,  and  covered  by  a  similar  inverted 
chimney,  the  whole  being  covered  again  by  a  still  larger 
chimney;  so  that  the  current  of  steam  rising  through  the 
inner  chimney  will  circulate  down  through  the  middle  one 
nd  up  through  the  outer  and  off  through  a  central  vent, 
hrough  which  latter  the  thermometer  will  be  inserted 
through  the  interior  flue.  Such  a  double  passageway  pre- 
vents the  condensation  of  steam  on  the  interior  walls. 
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ng»point 

Altitude. 
Feet, 

BuUing  point.         Altitude, 
UegrceiS  iPahr.),           Feet. 

190 

11,720 

208                   2,050 

J95 

8.950 

209                  Io4S 

200 

6.250 

210                    1,020 

202 

5»tS5 

2V\                          510 

204 

4^*30 

212                               0 

206 

3.0S5 

213             -  SOS 

^ 
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The  lack  of  delicacy  in  this  instrument  is  evident  when  it 

IS  realized  that  an  error  of  o.  i  degree  in  the  temperature  will 

cause  an  error  of  over  So  feet  in  the  determination  of  eleva- 

ons*     In  addition  to  being  subject  to  all  the  errors  of  meas- 

rement  by  barometer,  measurement  by  thermometer  is  also 

subject  to  errors  in  graduation  of  the  thermometer,  lack  of 

Tecision  in  reading,  the  quality  of  glass,  and  the  form  of  the 

cssel   containing    the   water,   as   well    as    the   purity   of  the 

tter,  salts  in  solution  materially  affecting  the  boiling-point. 


PART   IV. 
OFFICE  WORK  OF  TOPOGRAPHIC  MAPPING. 


CHAPTER   XIX. 
MAP  CONSTRUCTION. 

178.  Cartography.— Cartography  is  the  art  of  construct- 
ing maps  either  (i)  from  existing  material  or  (2)  from  original 
surveys.  It  includes  not  only  the  processes  of  copying,  re- 
ducing or  combining,  platting  or  sketching  maps,  but  also  of 
incorporating  into  them  such  data  as  may  be  obtained  from 
text  notes  or  verbal  descriptions  of  the  territory  represented. 

The  expert  cartographer  must  therefore  be  not  only  a  good 
draftsman,  familiar  with  the  methods  of  map  construction  and 
the  conventional  signs  commonly  employed,  but  he  must  be 
possessed  of  such  actual  knowledge  of  map-making  as  is  only 
gained  by  practical  experience  in  field  surveying.      Moreover, 
he  must  be  able  to  distinguish  between  the  quality  and  value 
of  the  various  map  materials  which  he  is  to  utilize,  discerning, 
by  his  knowledge  of  topographic  forms,  the  good  from  ther 
bad,  and  especially  that  which  is  based  on  original  surveys- 
from  that  which  has  been  compiled  from  hearsay  or  existing" 
map  sources. 

The  draftsman  or  topographer  who  makes  a  map  from 
original  notes  taken  in  the  field  is  not  a  cartographer  in  the 
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truest  sense  of  the  word.     He  should  know  some  of  those 
tails  of  map  construction  with  which  the  cartographer  is 
amiliar,  as  the  projection  of  the  map,  conventional  signs  to  be 
employed,  and  the  values  of  scales,  etc.      He  need  not  neces- 
sarily be  familiar,  however,  with  the  relative  value  of  existing 
Ekiap  material,  nor  be  possessed  of  especial  discernment  in  the 
tonipitation  and  utilization  of  the  same, 
179*  Map   Projection — Having     executed    the    primary 
kriangulation  (Chap.  XXV)  and  computed  the  geodetic   co- 
ordinates of  the  initial  points  (Chap,  XXIX),  these  are  platted 
on  a  plane-table  sheet  by  the  aid  of  a  projection.     This  is  a 
rectangular  diagram  on  which  unit  meridians  and  parallels  are 
platted  to  the  scale  of  the  map,  and  which  thus  serve  as  bases 
from  which  to  measure  the  differential  latitudes  and  longitudes 
f  the  points  so  that  they  may  be   platted  by  these  co-ordi- 
lates,  much  as  the  points  of  a  traverse  are  platted  by  latitudes 
and  departures.     (Art.  90.) 

The  only  absolutely  true  map  is  a  mode!  of  the  terrestrial 
lobe;  but  as  globes  are  too  awkward  for  general  use,  recourse 
had  for  purposes  of  map  publication  to  various   forms  of 
ap  projections,  which   are  numerous  in  variety  and  are   alt 
tificial  representations  upon  some  plane  surface  of  a  sphe- 
tdal  surface.     For  surveys  extending  over  a  large  area  it  is 
iccessary  to  adopt  some  method  of  projection  by  which  the 
ni'ergiHce  c»/thc  meridians  is  shown  as  on  a  curved  surface, 
lul  the  distances  are  reduced  to  sea*lcveL     Where  areas  which 
are  to  be  mapped  are  small,  the  positions  of  points  and  the  con- 
struction of  the  map  may  be  6xed  as  upon  a  plane  surface, 
by  showing  meridians  of  longitude  and  parallels  of  latitude 
s  parallel  straight  lines  at  right  angles  to  each  other.      It  is 
Tactically  impossible  to  fix  limits  within  which  the  first  or  the 
second  of  these  methods  must  be  employed,  as  they  are  not 
nly  affected  by  the  area  covered,  but  by  the  scale  of  the  map. 
180.  Kinds  of  Projection.— The  varieties  of  map  projec- 
lions  cannot  be  more  clearly  characterized  than  is  done  by 


Prof.  Dr.  Friedrich  Umlauff  in  his  admirable  little  treatise  on 
**  The  Understanding  of  Maps/*  published  in  Lcipsic  in  1889, 
from  which  the  following  is  freely  translated : 

In  drawing  a  small-scale  map  of  a  considerable  area  there 
must  be  considered:  1,  the  scale;  2,  the  projection  by  which 
it  is  made ;  and  3,  the  manner  in  which  the  spheroidal  surface 
of  the  earth  as  a  whole  or  in  part  is  transferred  to  the  plane 
of  the  surface. 

A  spherital  surface  cannot  be  spread  on  a  plane  without 
tearing,  stretching,  or  folding;  hence  maps  can  never  exhibit 
a  perfectly  true  picture  of  the  area  represented*  Thus  there  is 
simply  a  question  of  selecting  a  mode  oC  representation  which 
shall  come  as  close  as  possible  to  the  original.  To  solve  this 
problem,  various  kinds  of  projections  have  been  devised,  aim- 
ing to  plat  the  so-called  degree-net  of  the  globe,  meridians 
and  parallels,  or  a  part  of  it,  on  a  plane  surface.  There  are  dis- 
tinguished, especially,  (i)  perspective  projections,  (2)  non-per- 
spective projections,  (3)  conical  and  (4)  cylindrical  projections. 

181,  Perspective  Projections.— 7  o  project  a  figure  from 
a  spherical  surface  on  a  ptanc,  nothing  occurs  to  one  more 
readily  than  to  employ  the  same  method  that  is  used  to  depict 
any  object  in  space,  as  a  landscape;  namely,  by  perspective 
drawing.  The  methods  of  platting  based  on  the  principles  of 
the  perspective  are  called  perspective  projeetions.  The  visual 
rays  going  from  the  eye  to  all  points  of  the  original  arc 
imagined  to  be  cut  by  the  plane  of  the  drawing,  and  the  point 
in  the  picture  representing  each  point  in  the  object  is  assumed 
to  be  the  point  where  the  visual  ray  in  question  cuts  the  plane 
of  the  drawing.  The  position  of  this  plane  is  assumed  to  be 
perpendicular  to  the  ray  striking  the  middle  of  the  area  to  be 
represented.  A  difference  of  the  picture  can  only  arise»  in 
perspective  projections^  by  a  different  position  of  the  eye 
with  relation  to  the  surface  of  the  sphere. 

If  the  eye  first  of  all  is  supposed  to  be  placed  at  the  ceiuer 
of  the  globe,  we  obtain  the  gnonumic  or  central  projection. 
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Fig.  ris.— Gnomonic  («>  and 
Orthographic  (*)  Projections, 


As  the  visual  rays  pass  from  the  eye  through  the  various  lines 
of  the  degree-net,  they  are  inclined  to  the  plane  of  drawing  at 
smaller  and  smaller  angles  the  farther  they  deviate  from  the 
center  of  the  plane  of  drawing,  and  it  is  evident  that  this 
angle  must  finally  dwindle  to  zero  degrees — that  the  outermost 
visual  rays  run  parallel  with  the  plane  of  the  picture  and 
therefore  do  not  intersect  it. 
Thus  the  circles  of  the  degree- 
net  become  farther  and  farther 
•art  as  we  approach  the  periph- 
ry  of  the  map.  (Fig,  1 15,  a,) 
If  we  imagine  the  eye  placed 
at  an  infinite  distance  from  the 
globe,  we  obtain  the  orthographic 
or  paraiUl  projection,  so  called 
because  all  the  rays  coming  from 
the     eye     appear    parallel     and 

therefore  strike  the  plane  of  drawing  at  right  angles(Fig.  1  j  5,^). 
The  parallel  projection  permits  the  representation  of  a  com- 
plete hemisphere,  which  is  impossible  with  the  central  projec- 
tion. 

The  third  perspective  mode  of  platting  is  i\it  sttreogrtiphic 
^^rojfction,  in  which  the  eye  is  supposed  to  be  placed  at  the 
^Mirface  of  the  sphere  itself.  Here,  too,  the  visual  rays  diverge 
^Kiore  and  more  toward  the  edges  of  the  picture,  but  they 
P^itersect  it  at  greater  angles  than  in  the  central  projection, 
and  even  the  outermost  ray  still  strikes  the  plane  of  the 
picture,  so  that  this  projection,  too,  permits  the  representation 
if  a  complete  hemisphere.      (Fig.   116,  tr.) 

Finally,  if  the  eye  is  placed  outside  of  the  sphere,  but  at 
a  little  distance,  wx  obtain  iXxn  external  projection  (Fig.  1  r6»  b\ 
hich,  however,  is  but  very  rarely  used. 

To    obtain    an    idea    of  the  networks  produced    by  these 
rspective  projections  one  has  to  take  other  things  into  con- 
sideration.    If  the  eye-point,  aside  from  its  distance  from  the 
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Icrrestritl  globe,  lies  in  the  axis  of  revolution  of  the  earth« 
projection  is  called  polar;    if  the  eye- point  lies  in  the  pluik^ 
the  equator,  the  projection  is  called  equatorial;   if  the  e\e-] 
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Kes  outside  the  plane  of  the  equator  and  outside  the  earth's 
axis  of  revolution,   iho   projection  is   called   horizotiMt.    Thus, 


Fig.  117.— Orthographic  Polar 

PRO/KCnON. 


Fig,  iiK, — ORTmH^KAPMic  iioRK 

TAL   PkoJKCTIUN. 


disregarding   the   external   projection,    we  obtain  the   following 
nine  kinds  of  perspective  projections: 

I.  Orthographic    ix>lar»    equatorial,    and   horizontal    project 
lions.     (Figs.    115,    117,   and    118.) 


PERSPECTIVE  PROJECrrOKS. 
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2.  Ceniral    (gnomonic)    polar,    equatorial,    and    horizontal 
ajections.    (Fig*  115.) 


5,  119. — ^Steeeocr^phjc  PoiAtt 

PltO;ECT10N. 


Fig,  r^o. — Stereographic  Equa- 

TORtAL    PuOJECnON', 


3.  Stereographic  equatorial,  meridional,  and  horizontal  pro- 
Jections.     (Figs.  119,  120,  and  121,) 


3*   131, — STKREOGKAFfllC   HoRUON'-  FlG.  123,— LAMBERT'S   SURFACE-TRUK 

TAL  PrOJKCTION*  CENTRAL   PROJECTION, 

Not  all  of  these  modes  of  map  [>latting   find  practical  ap- 
lication. 
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MAP  CONSTRUCTION. 


Maps  must  comply  with  certain  requirements: 

1.  They  must  be  angle-true  or  conjormablf;  that  is  to  say, 
parallels  and  meridians  must  intersect  on  the  map  at  the  same 
angles  as  on  the  onginaL 

2.  They  must  be  surface-true  or  equivaient;  that  is  to  say»  the 
areas  of  given  tracts  on  the  original  and  on  the  map  must  agree. 

From  the  standpoint  of  practical  cartography  surface  equiv- 
alence is  most  important,  because  geographic  comparisofis 
relate  mostly  to  phenomena  manifesting  their  unformily  or 
diversity  over  areally  extended  regions.  From  this  last-named 
requirement  arose  especially  Lambert  *s  surjace-irur  central 
projection^  which  departs  from  the  perspecti%^  modes  of  plat- 
ting.  It  received  its  name  from  the  fact  that  at  all  points  of 
equal  zenith  distance  from  the  middle  of  the  area  represented 
the  distortions  arc  the  same.  The  equator  and  the  central 
meridian  appear  as  two  straight  lines  perpendicular  to  each 
other;  the  other  meridians  appear  as  circles^  the  parallels  as 
ellipiic  curves.  (Fig.  122.)  Lambert's  surface-true  central  projec- 
tion is  not  a  perspective  projection;  neither  is  the  so-called  globu- 
lar projection,  invented  by  the  Sicilian  Xicolosi,  the  distinguish- 
ing feature  of  which  is  that  all  meridians  and  parallels  arc  equally 
divided.    This  is  used  especially  as  an  equatorial  projection. 

Finallvi  there  is  a  special  mode  of  repre^ientation  of  the  whole 
surface  of  the  earth,  related  to  the  perspective  projections,  and  the 
origin  of  which  dates  back  to  Ptolemy:  the  star  projection.  Ever)' 
polar  projection  of  the  northern  hemisphere  may  be  extended  into 
a  representation  of  the  whole  surface  of  the  earth,  by  apjx^ndages 
or  wings;  the  southern  half  of  ihc  earth  then  divides  into  four  or 
eight  parts,  to  which  is  given  the  form  of  spherical  triangles  or 
star-like  protruberances.  The  dividing  meridians  are  so  chosen 
as  to  avoid  any  rutting  up  of  land  masses  as  much  as  possible. 
For  this  reason  such  a  star-polar  projection  is  not  suitable  for 
representing  the  oceans.  Dr.  jMger  has  devised  an  eight- rayc^l 
star  projection,  which  was  improved  by  Dr,  Petermann; 
H*  Berghaus  has -drawn  a  similar  one  with  fi\e  appendages. 
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CYLINDER  PROJECTIONS. 
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182.  Cylinder  Projections.^!  f  wc  imagine  the  surface  of. 
the  eanh  circumiscribed  by  a  cone  tangent  to  il  along  a  par- : 
aUel,  we  obtain  a  conical  prajectwn;  if  the  surface  of  the  earth . 
appears  replaced  by  a  cylinder  tangent  lo  it  at  the  equator^  we; 
obtain  the  cylindrkal  or  Mercator  projection.  % 


Fig.  123* — CvuNDKR  rKOjiomaNs* 
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Fig.  124.— Iu/un>»srANT  Flat  Pko. 

JECTtON. 


Fig,  125. — MEitcATOft*s  Cylinder 
Pkojection, 


I" 

^H     If  we    imagine  ihe  eqyator  as  I  he  middle  parallel,  quite    a 
Pllroad  zone  of  the  globe  north  and  south  of  the  equator  may 

be  considered  as  coinciding  with  tbe  surface  of  the  cylinder. 

On  this  cylinder  the  meridians  are  represented  as  straight  lines, 


r 


Fig.  126.— Van  i>er  GRi?fTEN's  Circular  pRojrmoK. 

we  cut  the  cylinder  along  a  meridian,  v\*e  obiain  two  systems 
of  straight  lines  intersecting  at  right  angles,  representing  th^B 
parallels  and  meridians.  Maps  on  such  prujeciions  are  iilH 
general  called  flat  maps.  If  the  distances  of  the  various  paralleb 
from  each  other  and  also  uf  ihe  meridians  are  all  equal,  we  obta 
a  network,  of  square  n^eshes,  as  shown  in  rquhintaul  ^a!  mtii 
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?*ig,  124,)     On  such  maps  the  distortion  of  the  surfaces  increases. 

atly  as  wc  approach  the  pole,  because  the  parallek,  instead 

dwindling  to  zero,  presence  ihc  same  length  in  all  latitudes, 

fhile    the    meridians    retain    the   natural    length.     This    incon- 

{^nience  is  avoided   in  Metcator's  projection   by  increasing  the 

pstanccs  between  the  parallels  toward  the  two  poles  a  I  the  same 

Ilio  that  the  parallels  increase  c(»mpared  to  the  e(iuator,     (Fig. 

25.)     Mercntor*s  projection  is  well  adapted  lo  maps  represent- 


117p  — BWtlNBT'^    HOMOUOGKAKHtC   PlOjECTlOX   OP  TH«    WltOLE   SFHERE. 

ing  the  distribution  of  general,  especially  physical,  conditions 
over  the  whole  surface  of  the  earth,  and  for  sea-charts,  as  any 
dinrction  may  be  represented  upon  it  by  a  straight  line. 

A  modification  of  the  c ylinder  projection  is  found  in  the 
Sanson  F la Pfiskt'd  projcctkm.  According  to  this  the  parallels  arc 
drawn  as  parallel  tMjuidistant  straight  lines,  and  on  these,  to  the 
right  and  left  of  the  middle  meridian,  the  degrees  of  longitude 
are  marked  in  their  true  size,  and  the  corresponding  points  of 
intersection  are  connected  by  curves  representing  the  meridians. 
If  the  equator  be  drawn  as  a  straight  line  and  the  central  meridian 
also  as  a  straight  line  of  half  the  length  of  the  equator,  we  obtain 
^n  elliptic  picture  of  the  whole  surface  of  the  globe  accortirng 
to  Mollweide's  or  Babinet's  Iwmalographk  projection.     (Fig.  127.) 
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Van  der  Grinten  Kas  recently  devised  a  homolographic  projec* 
lion,  not  unlike  Babinet's,  for  the  representation  of  the  whole 
world   wnthin   a  circular  bounding  meridian.     The   number  of 
meridians  sihown  is  double  the  number  of  parallels,  so  as  to  present 
the  meridians  of  the  whole  world  in  one  plane  of  projectioiL 
This  projection  occupies  a  middle  ground  between  Mercatot^^l 
nautical  chart  of  the  world  and  MolIweide*s  homolographic  ma^^ 
of  the  world,  avoiding  the  distortions  of  the  former  and  the  rapid 
departure   from   true   angles  of    intersection   in   the   latter.     It 
fumisht's  a  natural  am!  suggestive  method  of  showing  the  whole 
world  upon  a  single  projection  without  \iolcnt  departure 
the  true  areas  and  shapes  of  the  features  shown. 

183.  Conical  Projections, — Conical  projections  are   quil 
anabgcms  to  cylinder  pnojections,     A  certain  zone  of  the  glo' 
which  is  to  be  represented  is  conceived  to  be  replaced  by  a  zoi 
on  the  surface  of  a  normal  cone^  either  tangent  to  tfie  sphere  or 
intersecting  it*   (Figs.  128  and  129.}    The  parallels  arc  diuwn 
c 


Fig.  128,— Tawgent  Cone 

Projeciion* 


Fig.  129,— iNTEJtsttcriSG 
Conk  Projection. 


on  the  surface  of  the  cone  as  parallel  conical  circles,  while  til 
meridians  are  drawn  as  straight  lines  on  the  conical  surfac 
If  the  surfaci?  of  the  cone  is  developed,  the  parallel  circles  appei 
as  arcs  of  concentric  circles  whose  common  center  is  the  apex 
of  the  cone,  while  the  meridians  appear  as  straight  lines  con 
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urging  to  that  center.    The  most  important  conical  projections 
re  those  of  Mercator,  Lambert,  and  Bonne. 

An   ordinary  or  equidistant  conkal   projection   based   on   a 
igent  cone  shows  the  meridians  as  straight  lines  proceeding 


Frc.  130. — Equal-spaced  Conical  Projection* 


Fig*  iji.— Meecator's  Conical 
Projection, 


Flc.  432.  -Equivalent  Conical 

PROJECnON. 


im  the  apex  of  the  cone  at  equal  angles,  while  the  parallel 
des  are  equal-spaced   circular  arcs  with  the  same  apex  as 
tenter.     (Fig.    130.)     In   M creator^ s  conkal  projection   the  dis- 
union is  diminished  by  making  the  cone  pass  through  two  par- 
"alleb  of  the  area  to  be  represented,  so  that  two  parallels  of  the 
sphere,  instead  of  one,  coincide  with  iheir  pictures.     (Fig.  131.) 
This  is  the  projection  on  which  the  maps  of  our  common  atlases 
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Fic.  133. — Bonne's  Projection. 


and  geographies  are  drawn. 


Lambert's  tquivalenl  coniaU  pro- 
jection is  based  on  an  intersecting 
cone,  and  the  distances  of  ihe 
parallels  increase  with  increase 
of  latitude  at  such  rate  that  t 
meshes  included  by  them  and  ll 
meridians  show  the  same 
as  on  the  sphere.  (Fig.  132,) 
Bonne's  projection  is  a  pi 
jecdon  on  ihc  tangent  cone  in 
the. center  of  the  map,  the  parallel  curves  being  drawn  in  the 
same  way  as  in  the  ordinaiy  conical  projection.  On  these 
allel  curv^es,  on  both  sides  of  the  meridian,  the  parallel  dcj 
arc  marked  in  their  true  size,  and  the  points  of  intersection  are 
joined  by  steady  curves  which  give  the  muridians.     (Fig.  133.) 

184,  Constructing  a  Polyconic  Projection,— The  polyconii 
projections  is  that  best  suited  to  accurate  lo[x)graphic  or  geo 
graphic  mapping  as  it  corresponds  most  nearly  to  the  spheroidal' 
shape  of  the  earth.  It  is  the  projection  of  a  series  of  cones  parallel 
to  each  parallel  of  latitude  to  be  drawn  on  the  map.  Assume 
the  scale  of  the  map  as  one  mile  to  one  inch,  or  1:63,360.  For 
this  scale  it  will  be  sufficient  to  draw  the  meridian  and  latitude 
lines  at  inler%^als  of  ever)'  five  minutes  or  approximately  fivi 
inches  apart,  though  single  minute  lines  may  be  drawn  if  desired^j 
The  construction  of  such  a  projection,  retpiires  great  care  and 
accuracy  in  drafting.     The  process  is  as  follows: 

Rule  a  fine  straight,  vertical  line  down  the  center  of  the  sheet.. 
(Fig.  134.)  On  this  lay  off  the  lengths  of  the  several  fivc« 
minute  spaces  in  latitude,  these  being  the  rf/^s  as  taken  froi 
Table  XXIII  for  the  scale  i :  63,360.  This  fixes  the  poini 
of  intersection  of  the  parallels  at  ever)-  five  minutes  w*ith  tJ 
central  meridian.  Erect  perpendiculars  on  each  of  tb 
points,  and  draw  these  across  the  map  at  right  angles  to 
central  meridian,  as  shown  in  dotted  lines.  On  these  la; 
off  the  quantities  dm  (Table  XXII I)  for  half  the  distance 
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five  minutes,  that  is,  for  2'  10"  and  f  30"  on  either  side  of 
the  central  meridian  and  corresponding  to  the  latitude  as 
obtained  from  the  table.     On  the  points  so  obtained  on  each 
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Fig.  134. — Construction  of  Polyconic  Projection. 

3(/  of  latitude  and  longitude.     Scale  2  miles  to  i  inch.     Construction  lines 

dotted.     Final  projection  lines  full. 

approximate  parallel  erect  short  perpendiculars,  and  on  these 
lay  off  the  small  quantity  dp  corresponding  to  the  dm,  and 
connect  the  various  dp's,  by  straight  lines  in  a  horizontal  and 
vertical  direction.  The  result  will  be  a  projection  similar  to 
that  shown  in  full  lines  in  the  figure. 
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185.  Projection  of  Maps  upon  a  Polyconic  Develop- 
ment. — The  following  table  (Table  XXIII)  is  arranged  for 
the  projection  of  maps  upon  a  polyconic  development  of  the 
Clarke  spheroid.  It  is  on  a  scale  of  one  mile  to  one  inch,  and 
is  computed  from  the  equator  to  the  pole,  the  unit  scale  being 
>ne  selected  for  presentation  here,  as  that  most  generally  use- 
ul,  since  the  quantities  shown  in  the  table  can  be  most  readily 
reduced  to  those  applicable  to  other  scales  which  are  even 
multiples  of  one  mile  to  one  inch.  They  are  reproduced 
from  the  Smithsonian  Miscellaneous  Tables,  for  which  they 
were  prepared  by  Prof.  R.  S.  Woodward. 

The  following  formulas  are  those  used  in  the  preparation 
of  this  and  similar  tables*  and  are  derived  from  the  United 
States  Coast  and  Geodetic  Survey  Report  for  1884: 

For  lengths  of  degrees  of  the  meridian  (dm)  and  parallel  (dp)  we  have 
dm  =  III  laa^.OQ  —  566".05  cos  20  +  i".ao  cos  4^  —  0^.003  cos  6^; 
dp  ^  III  41 5".  10  cos  4>  »  94"- 54  cos  30  +  o^.ia  cos  5^,  neglecdaf 
smaller  terms, 
Inhere  <p  =  the  latitude. 

We  have  also  the  square  of  the  eccentricity, 

rt«  —  ^« 

^*  =   O  006768658  =  r— . 

N  =  , = — .  ,  ^,.  =  normal  produced  to  minor  axis;     •    •     ,    .     (35) 

(i  —  ^*  sin*  <p)\  ^  f  •     •    •     \jjf 

I  -  /»• 

jRm  =  N^ j —  =  radius  of  curvature  in  the  meridian; .     .     .     (34) 

Rp -zz  N cos  <t>  =  radius  of  the  parallel; (35) 

r  —  N  cot  <t>  =  radius  of  the  developed  parallel  or  side  of 

the  tangent  cone; (36) 

6  =  »  sin  0, 

in  which  n   is  any  arc  of  the  parallel  to  be  de- 
veloped, and  6  the  angle  which  it  subtends  at  the 

vertex  of  the  cone  when  developed (37) 

For  projecting  from  the  middle  meridian  the  points  of  intersection  of 
the  meridians  and  parallels  we  have,  using  rectangular  coordinates  X 
and  r, 

Jf  =  r  sin  9 (3$^ 

and 

K  =  2r  sin«  49.   .     . (3g) 
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1                  1                  1                  1                   I 

1 

■_ 

J 
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MAP  CONSTRUCTION. 


Table  XXIII. 

COORDINATES   FOR   PROJECTION  OF  MAPS. 
Scale  \%\^%^  or  one  inch  to  one  mile. 


I? 

1^ 


Jgg    'abscissas  or  dbvblopbd  pahallbl.  dn 


di 


5' 
long. 


10' 


15' 


long.  I  long. 


ao' 

long. 


as'   I    3c/ 

long.      long. 


ORDINATBS  OF 
DBVBLOPBD 
PARALLBU 


inches,  j  incbet. 
5'oo';68.7o8'  5.743 


inches.,  inches. 


10 
20 
30 
40 
50 


11.452 
22.903 

34.355 
45.806 
I57.258 


5.741  I 
5.7391 
5.:38'i 
5  7361 
5.7351 


6  00  '68.710    5.733 


10  11.452 

20  ,22.904' 

30  34-356; 

40  i4S.8oiJ, 

50  ,57.260, 


5.731  I 
5.729,1 
5.7271 
5.726I1 
5.724;! 


7  00   68.712    5.722:1 


10 
20 
30 
40 
50 


11.452, 
22.905 
34.358 
45.810 
57.262 


5 . 720  I 
5.7171 
5.715  I 
5.713'! 
5.7"ii 


8  00  ,68.715 


10  III. 453' 

20    j22.906| 

30  34.359, 
40  '45.812 
50  '57.2O5 


5.7091 

5.7061 
5.7041 
5.70111 
5.6991 
5.6961 


9  00  ,68.718    5.694 


10  11.454 
20  22.907 
30  33.361 
40  .45.814 
50  57.268 

i 


5.691 1 
5.688I1 
5.6861 
5.683!! 
5 . 680 1 


.48s  17.228 
.48217.223; 


inches 
22.970 


inches,  inches. 


28. 71334.456 

!         I  • 

22.96428.70534-446 

.47917.218122. 958:28. 697  34.436 

.476  17. 213:22. 95i'28. 68934.427 
.472  17. 209:22. 945'28.68i:34.4l7 
.469  17.204  22.938-28.673.34.408 


46617.199 


462  17. 
458;i7. 
455, 17- 
45117. 
447,17. 


193 
188 
182 


22.932  28. 665 134. 398 


17722 
171122 


.92428 
917,28 
.91028 
.90228 
.89428 


'656*34  387 
646I34.375 
637134.364 
.628134.353 
.61 8134.342 


443  17.165:22.88728.60934.330 


439!  7. 
435  !7- 
43017. 
426117. 
422|I7. 

I 
4!7,I7. 

I 
41217. 
407,17 
403  17. 
.398117. 
39317. 


!59 
152 
146 
139 
132 

126 

119 
III 
104 
096 
089 


22.834128.543 


,388  17.082 

.382.17.073 
.377!i7.o65 
.37I1I7.057 
.36617.049 
.360  17.040 


87828. 
86928. 
861  28. 
852,28. 
843  28. 


59834.317 
587,34.304 
57634.291 
565.34.278 
55434.265 


22.825^28 
22.815  28 
22. 805^28 
22. 795 '28 
22.78628 
I 


34.252 


.53134.237 
.519I34.222 
.507' 34. 208 

494'34.I93 
.482.34.178 


22.77628.470I34.163 

22.764  28.456,34.147 
22.754  28. 44234. 130 
22.742  28.428  34.  IT4 
22.73228.415:34.097 
22. 720  28. 401134.081 
I 


1000  ,68.722    5.677.11.35517.03222.71028  38734.064 

-'  i  i  »  I  • 


I 


i 


5* 


5' 
10 
15 

90 

25 


inches,  incbo. 
0.000   0.000 


.001 
.003 
.006 
.009 
.013 


.002 

.004 
•007 
.oil 

.016 


8* 


5 

10 

15 
ao 

25 
30 


5 

10 

15 
20 

25 
30 


o.ooo^  o.ooii 

.002        .002 


.005 
.008 
.013 
.018 


O.OOI 

.003 
.006 

.010 
.016 
.023 


.005 
.009 
.014 

.021 


10- 
o.ooi\ 

.003 

.oo6\ 


COOKDI.VAJES  fOK   PRO/ECTiOX  OF  MAPS. 
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Table  XXIII. 

COORDmATES  FOR  PROJECT[ON  OF  MAPS. 

Scale  rilia*  ^^  (>°^  ^"^^  ^^  ^^^  ^^^* 

■' 

hh 

ABSCISSAS    OF  DSIHILOPEtl  PARALLEL,   dm 

1 

As 

ORDINATKS   OP 

DEVELOPED 

f    " 

1 

II 

3- 

U^i:     ^' 

-'! 

15' 

20*     ! 

»5' 

30' 

PARALLEL. 
dp 

inclics. 

long. 

1 

U.n«. 

Jooif. 

loniT' 

bnr. 

tncocft. 

Inchci.' 

Inch**. 

mch».    inchrs. 

inches. 

n 

1^ 

68.722 

5.677 
5*674 

11.35517.03222.71028.38734.064 
11.34917,02332,69828.37234.046 

fO^ 

II- 

It. 454 

SK> 

32.909 

5.67J 

ir.343  17  014  22.685  28.357  34  028 

inches. 

incbe&. 

30 

34.265 

«i.665 

11.337  17005  22.673  28.342  34.010 

_40 

45.^17 

i.665 

II. 331  1^**996  22.661  2S. 327  33.992 

5 

0.001 

O.OOI 

l» 

57.272 

5.662 

11,324  16,9^7  22-64928.311  33.973 

1 

10 
15 

.003 

.006 

.003 
.007 

tloo 

68.ya6 

5.659 

11.318  16  97822.63728.29633.955 

20 
25 

.Oil 
.018 

.013 

.020 

_  to 

II.4S5 

5.656 

ri.312  16.968  2a  624  28. 2S0  33.935 

30 

-oa6 

.038 

Mao 

22.9I<> 

5*652 

11.305  i6  958  22.610  2S. 263  33.915 

■  3° 

34-365 

5.649 

11,298  I (»,94S  22.59728.24653.895 

■  •*<' 

45.aao 

5.646 

11*293  16. 93H  22  56428  23033.S75 

^SO 

57.275 

5.642 

It.  285    *'*     "'''^    '♦''     C.9r*  .»Jii     -^tl    H     ftes 

,«,.^«^    ^-.J/'^  *".-./»   JJ.-33 

12  00 

68,730 
ri.456 

5  639 
5.636 

11.278 
It. 271 

16.91S  22.557  28. 196  33.835 
16.907  22.54228.17833.814 

13* 

13' 

■  to 

5 

0.001 

0.001 

VSQ 

22  Q12 

5.632 

I T . 264 

16  8fj6  22  52828,16033.792 

to 

.003 

.004 

■   30 

34  367 

5,62s 

U.257  t6.SS5  22.514  28    14233  770 

IS 

.008 

.008 

■40 

45  823 

5  625 

11.250,16.874  22.494*  28.124  33-749 

ao 

.014 

.015 

SO 

57  279 

S*6ai 

11,242  16.864  22.485  28. 10633.727 

!         1         i 

25 
30 

.021 

.031 

.023 

.033 

|«o 

68.735 

5  618 
5.614 

11.235 16.853  22.470.28.088  33.706 

|.o 

n.457 

11.227 

1            ( 
16.841  22.45528.06933.682 

■  »o 

22.913 

5,610 

I 1 . 220 

16.829  22.43928.049  33  659 

■  y> 

34-370 

5.606 

11,212  16.818  22.424  28.030  33.635 

■  40 

■  so 

♦5  837 
S7.284 

5.602 
5.598 

tl  .204  I6.S06  22.408128.010  33.612 

1 J .  nj6  16.794  22.392  27.991  33-389 

I4» 

15" 

•  ^  00 

68.740 

Sim 

11.188  i6.783'22.377  27-971  33-565 

1             1 

, 

\ 

5 

OfOOI 

O.OOI 

Via 

II  458 

5.590 

II.  l8o;i6.77o,22.36o  27.950  33.540 

10 

.004 

.004 

■  90 

22.915 

5.586 

II   17216.75822.34427.93033  515 

IS 

.009 

.009 

^3-' 

34^37.1 

5.582 

11.163  16.745  22.32727,1)0933-490 

20 

.016 

.017 

"4n 

45.830 

5.57S 

11.15516.733  22.31027  88833.465 

25 

.025 

.026 

5" 

37  288 

5-573 

II   147  16.72022.29427.867  33.440 

30 

.035 

.038 

IS  00 

68.746 

5^569 

11.13816.70822  27727  84633.415 

L-^      _ 

• 

' 
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fAF  COASmUCIION* 


Table  XXI IL 

COORDINATES  FOR  PROJECTION  OF  MAPS. 
5<ale  «ii(Oi  ^^  o"C  inch  lo  one  mile* 


di 


i5*oo 

lo 
20 
30 
40 
50 

z6  00 

10 
20 
30 
40 
50 

1700 

1-3 
20 

30 
40 

50 

1800 

10 
90 
30 
4© 
50 


68.746 


5.569 


I 
27  84633.415 

11.459'  S'S^s'iilSt*  1^-^94  22.25927.82433,389 
22,9171  5,560  11. 121  i6,08i!22.  241,27.^02  33^362 
34  376(  5»556'iJ.  112  16,667  22.223  27.779  33.335 
45-834  5-5$i|ii.iu3  16,654  22-206I27.75733  308 
^.  .   .,_. -'^'-■22.18827.73533.282 


68.75* 


1900 


10 
SO 


ABSCISSAS   OF    n£V£LOP£0    FA&ALLEL.    Jm 


5' 


lo' 


15 


iDcbes. 
11.138 


tncheK. 

16,708 


2C/ 


tocbei. 
22.277 


n' 


57*293    5^547,11  094,16.641 


11,460 

22.919 

34-379 
45  838 

57.398 
68.758 


11.461 
22.921 

34.382 
45.843 
57  304 

68.764 


ir.462 
22.924 

34-386: 
45  848 
5731'^ 

68.771 


IX. 463 
23.926 

30134.300 
40  45  853 
50  57.316 

68.779 


5.542  11.085  16. 62B 


5.538  II. 076I16.613 

5, 533'ti. 066  16.599, 


22.170 


22.151 
,,22.132 

5,528  11.057  16*585  22.113 


5.524  11.047  16.571 
5.5ig'ii.039  16  556 

5.514  II. 0281 16. 542 

5.509  II. oi8|i6. 527 
5.504  II  008  16.512 

5.49910.998  16,497 
5.494  ' 0.988  16,482 
5,48910,978^16.407 

5,484  10. 968;  16. 452 

5.479  10.95716.436 
5  47310-947,16.420 


5.468 
5-463 
5-458 

5.452 


10.936116,404 
10.926!  16.389 
10.915  r6.373 


10,905 


10.893 
10.882 


5*447 
5*  441 
5.436110.871 
5.430  10.860 
£,424  10-849 


5.419  10.838 


16.357 

16.340 
J6.324 

16.307 
16.290 
16-274 

16.257 


22.094 
22.075 

22.056 


27.71333.255 

.a    I 
27.68933.227 

27.66533.198 

27  64233.170 

27.61S  33    142 
27-59433.113 

27.57i;33  085 


22,03627.54633  055 
22,01627.521  33  025 

21,99627.49532.994 
21.976127.47032  964 
21.95627.44532.934 


21.936 

21.915 
21,894 
21.872 
21.S52 
21.S30 

21.809 

21.787 
21.765 
21.742 
21.720 
21.698 

21.676 


27.42032.904 

I 
27.39432.872 
27.367  32. S40 
27.341  32-809 
27.31532.777 
27.288  32.746 

27*262  32. 714 

27.234  32.680 
27.206  32.647 
27,i7S|32.6i4 
27  150I32.580 
27.12332  547 


37.095 


32.513 


O  ft  DI  NATES  OF 
DEVELOPED 
PARALLEL. 


15*  t6*' 


inches    incbe*. ' 


17*        i8* 


.042 


^^^^coo/^niArA  TES  ^OR  projectioaV  of  maps.        4^3      ^^B 

^B                           Table  XXIII. 

^fll 

^^        COORDINATES  FOR    PROJECTION   OF   MAPS.                          ^^| 

^m                             Scale  itIis,  or  one  inch  to  one  mile, 

■^ 

III. 

ABSCISSAS  OF  DEVELOPSD   PARAtLtU   dm 

1 

•S-- 

ORDINATRS  OF 

■ 

•S= 

|sl= 

rJF.VELOPED 

■ 

1^ 

IIIJ 

^ 

10' 

15' 

20' 

25' 

30' 

PARALLEL. 

dp 

1 

** 

tonj. 

toii£. 

looir. 

tOQg, 

loo«. 

long* 

1 

inches. 

mch». 

iochcs. 

iQchei. 

ijicbei. 

inches. 

tncbcf. 

11 

ao'oo'l 

68.779 

5-4*9 

10.838 

16.257 

21.676 

27*095 

32.513 

1^ 

30' 

%\' 

1 

lo 

11.464 

C    jlfJ 

tr>.  fto/\ 

16.239 

21.653 

27.065 

32.478 

■ 

5  .^A  J    «  w«w 

30 

22.929 

5.407  10. 8 14  16.222 

21.629 

27.036 

32.443 

lachn. 

incbe«. 

■ 

30 

34  394 

5,401110.803 

16.204 

21.605 

27-007 

32.408 

-.If 

■ 

40 

45-858 

5.39610.791 

16.187 

21.582 

26.978 

32.373 

5 

O.OOI 

O.OOI 

.006 
.013 

■ 

1         50 

57.322 

5.390 

10.779 

16.169 

21-558 

26.948 

32.338 

10 
15 

,005 
.012 

^ 

tioo 
10 

68.787 

5-384 

5  378 

10.768 
10.755 

16.151 
16.133' 

21.535 
21.511 

36,919 
36,889 

32.303 
32.266 

ao 
25 
30 

.032 

.034 
.049 

■  035         ^^ 

11.466 

.051 

■ 

90 

12.932 

5.372|io,743 

16.115 

21,486 

26.858 

32.230 

■ 

30 

34-397 

5.366 

10.731 

16,097 

21,462 

26.828 

32.193 

■ 

40 

45.^63 

5*359 

10.719 

16.078 

21.438 

26.797 

32.156 

■ 

50 

57-329 

5-353 

10.707 

16.060 

21.413 

26.  767 

32.120 

1 

23  00 
10 

68.795 

5.347 
5.341 

10.694 

10   682 

16.042 
16.022 

21.389 
21.363 

26.736 

26.704 

32.083 
32.045 

22* 

23* 

J 

11.467 

5 

O.OOI 

O.OOI 

1         ^ 

22.934 

5*334 

10,669 

16.003 

21.338 

26,672 

32.006 

10 

.006 

.006 

^H 

1         30 

34^401 

5^328 

10.656 

15.984 

21.312 

26.641I31.969 

15 

.013 

.014 

^B 

40 

45.868 

5  322 

10.643 

15-965 

21.287 

26,609 

31.930 

20 

.023 

.024 

■ 

50 

57-336 

5^315 

10.631 

15-946 

21.261 

26.577 

31.892 

25 
30 

♦  036 

.052 

.018 

-054 

1 

S3  00 
to 

68.803 

5  309 
5.302 

10.618 
10.604 

15.927 
15.907 

21.236 
21.209 

26.545 

26  511 

31-853 
31-813 

1 

11.469 

ao 

22.937 

5.296 

10.591 

15.887 

21.182 

26.47S 

31-774 

■ 

^  30 

34  406 

5-289 

10.578 

15.867 

21.156 

26.445 

3'. 733 

■ 

B40 

45.874 

5.282 

10.565 

15^847 

21.129 

26.412 

3i.fi94 

■ 

1 

■  so 

57.343 

5.276 

10.551 

15.837 

21.102 

26.378 

31.654 

»4- 

25- 

■ 

34  00 

66.812 

5.269 

10.538 

15.807 

21.076 

26.345 

31.614 

1 

5 
10 

zo 

11-470 

5-263 

10.526 

15.789 

21.052 

26.315 

31-577 

0 .  002     VF.  w« 
.006        .006 

■ 

20 

22.940 

5*256 

iO.512 

15.767 

21.033 

26.279 

31 -535 

15"    ! 

.014 

.014 

■ 

30 

34.410 

5.249 

10.498 

15.746 

20.995 

26-24431.493 

20 

.025 

.026 

■ 

40 

45.680 

5-242 

10.483 

15-725 

20.967 

26.20931.450 

25 

■039 

.040 

■ 

50 

57-350 

5.235 

10.469 

15  704 

ao.938 

36.173 

31-408 

30 

.056 

.058 

I 

3500 

68.821 

5.227 

10.45s 

15-682 

20.910 

26.137 

31.365 

J 

^K 

m^ 

^m            4^4                                    A/v^/'   COiYSTKUrT/OAW                 ' 

■ 

^^^                                       Table  XXIII. 

^H 

^^H                        COORDINATES    FOR  PROJECTION   OF   MAPS.        ^^B 

^^^H                                         Scale  tAant  or  one  inch  to  one  mil 

t. 

^ 

ABSCISSAS   OF   DEVELOPED   PARALLEL,    dm 

"o^' 

OEDl>fATCS  OP 

II 

llll 

5' 

10' 

15' 

20' 

85' 

30' 

DEVELOPED 

TAKALLEL. 

^ 

»y, 

lonf. 

lotiif. 

long. 

long^. 

tons. 

lonif. 

inches. 

ioihea. 

mch«. 

inches. 

inches. 

iodics. 

filches. 

ti 

25'oo' 

lO 

68.821 

5*227 

5 .  220 
5*213 

10.45s 

10.441 
10-426 

15.682 

15.661 
15.639 

20.910 
20.881 

26.137 
26. lOI 

31*365 

31  322 
31*279 

ti 

35- 

36' 

U*472 
22.943 

20 

20-852 

26.065 

iocbeii. 

inches. 

30 
40 
50 

34.415 
45*886 

57*358 

5.206 

5.199 
5.191 

10.412 
10,397 
10.3B3 

15.618 
15-596 
15*575 

20.824 
20.795 
20,766 

26.029I31.235 
25*993131*192 

25  95831*149 

[ 

5' 

10 

15 

0,002 
.006 
.014 

0.002 
.007 
.015 

3600 
10 

68.830 

5.184 
5*177 

10.369 
10.354 

15.553 
15.531 

20.737 

25*92231.106 

20 
25 
30 

,036 
,040 
.058 

,0261 
.041' 

,0591 

11*473 

20.708,25.88431,061 

20 

22.946 

5.1G9 

10.339 

15.508 

20. 678125.  847131. 017 

^ 

30 

34*419 

5- 162 

to  324 

15.436'20.648|25, 810130,972 

■ 

40 

45  892 

5-154 

10.309 

15*46320.618125.772,30*927 

T^ 

5« 

57*365 

5*147 

10.294 

f<    iLill^t^   cARl^e.T.ic 

30,882 

1 

1^,441 

-w. JWW 

-J-  <f  jj 

a?  00 
10 

68.B38 

5.140 
5*132 

10.279 
10.264 

15*419 

I5*3^yi 

20.558 

20.528 

25.698  30. 83S 
25.659'30.79l 

»?• 

28* 

11,475 

5 

0,002 

0,002 

1 

20 

22.950 

5^124 

to. 248 

15.373 

20.497 

25  621  30.745;      10 

.007 

.007I 

30 

34*424 

5. 116 

10.233 

I5.34f)'20.466 

25,582 

30.6991     15 

.015 

.016' 

\ 

1 

40  45*899 

5*109 

10.218 

15.326 

20.435 

25.544 

30.653;     20 

,027 

.03S 

50  57*374 

5»ioi 

JO.  202 

15.303 

20.404 

25-505 

30.607 

25 

30 

.043 
.o6i 

*043 
.063 

2800 

10 

68*849 

5*093 

5.085 

10.187 
10,171 

15.280 
15.256 

20.374 

20.342 

25.467 
25.427 

30.560 
30.513 

i 

11.476; 

20 

22   9531 

5.077 

Kl.155 

15.232 

20.310 

25-387 

30.465 

■ 

30 

34*430 

5*0691 

10.139 

15.208 

20.278 

25347I30.417 

^ 

40 

45.906 

5*061 

10.123 

15.185 

20. 246 

25. 308 '30*369 
25. 268(30. 321 

50 

57*383 

5-054 

10.107 

15. 161 

20.214 

29' 

30- 

29  00 

63.859 

5.046 

10.091 

15.137 

20.182 

25.22S 

30-274 

S 

0.00a 

O.OCM 

4   1 

10 

11.478 

5-037 

10.075 

15112 

20.150 

25,18730.224 

10 

.007 

■0^ 

20 

22,957 

5*029 

10.058 

15*087120.117 

25.14630,175 

15 

.016      o^H 

30 

34  435 

5.021 

10.042 

15.063 

20,084 

25   10530. 126 
25*06430.076 

30 

oj^H 

40 

45*913 

5.013 

10.015 

15*038 

20.051 

25 

044     .oj^ 

50 

57.391 

5  004 

to. 009 

15.013 

20.018 

25,022 

30. 027 

30 

.064 

oej 

n 

3000 

68.870 

4.996 

9*993 

14.989 

19.9S5 

24.9S1 

29  978 

' 
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V            COORDINATES   FOR    PROJECTION   OF   MAPS. 

^^1 

H                          Scale  tuiiii'  ^^  ^"^  i'^^^  ^^  *>"c  ^^^ 

s. 

^H 

1  li^^ 

il  lili 

ABSCISSAS   OF  DEVELOPED    PARALLEL,    dm 

■ 

OftmXATES  OF 
DEVKLOPED 

^H 

5' 

10' 

15' 

20' 

25' 

30' 

PARALLEL. 

dp 

^1 

^     ^X  ^^         l.n„. 

lonf^ 

long. 

lonn. 

lOHj^. 

ton  If. 

^ 

H     jioclin.  Inctie*. 

tnchet. 

tnchei. 

incbet. 

JQcbet. 

inchci 

11 

^no  11,480  4.988 

9.993 

9.976 

14.989 

19,985 

24.98^ 

29.978 
29.927 

3a- 

31* 

1 

I4'963  »w?*i  *4'Vjv 

Hbo   22.g6o;  4.979 

9.959   14.938'  19.9'7;  24.896, 29.876 

inchct. 

inches 

^H 

^bo   J4.4401  4.971     9942   I4.9ia|  19.885' 24,854,29  825 

5' 
10 
15 

0.003 
.007 
.016 

0.002 

.007 
.017 

^H 

K|<)  45  920  4-962 

9.925 

14887  19.849  24.812  29.774 

^H 

Ko|S7'4^  4-934 

9.908 

14.862  19. Si 5  24.769 

29.723 

■ 

H)o   68.880]  4.945 

9  801 

14.836!  19  782  24.727 

j 

29.672 

20 
25 

.029 
.045 

.030 
.046 

1 

■xo    1 1.433  4.937 

9873 

14.S10  19.747  24.683 

29.620 

30 

.065 

.067 

^^^H 

Hso   33.964I  4.928 

9.856 

14.784  19.712  24-fi40 

29.568 

■30   34446;  4,919    9,838 

14.758  19-677  24.596:29.515 

^^^H 

H4C1    45^927  4^9»o|  9'82i   i4^73Jii9<i42;24.552 

29,463 

^|o    57*409  4-902 

0  9if\A     lA  ICiC    »"   f*f*t    •*  Jt    *#"wt 

29.411 

■ 

9.004     I4.7U5 

*y'""^  *.^,.3vy 

■do  {68.891  4.895 
^BtO  1 11.484'  4'8B4 

9.7^6 

9.768 

14.679 

19.57224465 

29.358 
29.305 

32- 

33- 

1 

14.652  19. 536|  24.420 

5 

0*002 

0.002 

Bio  122.967  4-875 

9.75a  1  14.625    I9.5OQI  24,376 

29.251 

lO 

.007 

.008 

^H 

H30:34^4Si    4-866 

9.732  ;t4  S98  19.465:24  331 '29. '97 

15 

.017 

.017 

^H 

■40  •45*934>  4*857  1  9  714   «4-572  iq.429  24.286  29.143 

20 

*03o 

.031 

^H 

K50    57.418  4*343     9  69<^  14*545!  '9. 393  24  211 

29.089 

25 

.047 

.048 

^H 

V     1 

30 

.068 

,069 

^1 

noo  68.90214,859  9.679  14*51819*35724*196 

29,036 

■ 

^10 111,485'  4*830 

1               1 
9.660  '  14  490  19.320  24, 150 

28.980 

^^m 

Mao  22.971  4.S21 

9  642  1 14.462  19.283  24. 104 

28,925 

^H 

■  30    34  456;  4'8l3 

9,623  ;  14-435  19.2-^6  14-058 

28.870 

^H 

■  40  45*942  4.803 

9.605  114.407  19. 210  24.013 

28.S14 

^1' 

■so 

57.427  4.793 

9.5B6 

M-379  19-1731  23-g6b 

■             1 

28.759 

34' 

3S* 

■ 

68.9I3|  4  784  1  9.568 

' 

38.704 

■ 

14.352  ""  •"    "*"*  "'*" 

•  <^,   » JW     *^m\f*V 

5 

10 

0,002 
.008 

^no 

11,487:4-774 

9.549 

14.323 

19.0981  23.872 

28.647 

0.002 
.008 

■ 

^bol  22.975  4*765 

9.530 

14.295 

19.080     23.  S25 

28.590 

15 

.017 

.018 

^H 

14.462  4.755 

9511 

14  267 

19022     23.778 

28.533 

20 

.031 

.031 

^H 

45.949  4-746 

9.492 

14-238 

18.984123.730 

28.476 

25 

.049 

.049 

^^ 

57.437  4*737 

9.473 

14.210 

18.946'   23.683 

28.420 

30 

,070 

.071 

ftifitot!  4-727 

9.454 

14.1S1 

18.908^23,636 

28.363 

■  X      1| 

i^^^^^*^*^^ 
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Scale  ttif9«  or  one  inch  to  one  mil 

c. 

Ie? 

ABSCISSAS   OF   DKTft1.0PU>   PAUILLEL.    dm 

It 

ORDlNArKS   OF             1 
DBVfiLOPED              1 

i 

1^ 

5'         10' 

IS' 

aoT 

*5' 

30' 

TARAIXEL.                1 

loair,      tour. 

l«iir. 

kHir 

kMir. 

loor 

1 

iQChM. 

incllc*.    iocbea. 

iocfacft. 

iocliet.  1  iodln. 

inchcft. 

15 

35-00' 

10 

68.924 

4.727     9.454 
4.717     9.435 

14.181 
14.152 

18,908  23,636 

38.363 

35' 

36- 

11.4^9 

18.870,  23.587  28,305 

30 

22.978 

4.708     9.415 

14.123 

18.831  23.53928,246 

inches.  1  tncbet.      1 

30 

34.468 

4.698     9.396 

J4094 

1S.792  23.490' 28. 188 

1                 1 

40 

45-957 

4.688     9.377 

14065 

18.753  23.442  28,130 

5' 

aoo3 

'  aooa 

50 

57-446 

4-679     9.357 

14.036 

18.714  23.393;  28.072 

lO 

.ooS 

.008 

1 

15 

.018 

.oiB 

S6OO 

63.935 

4,669     9.338 

14.007 

18.6761 23.345 

28.014 

20 

.031 

;  .032 

25 
30 

.049 
.071 

.050 
.072 

10 

11.491 

4.659     9.318 

13.977 

18.636 

33.295 

27-954 

20 

22,983 

4.649     9.298 

>  3-947 

18,596,23.245 

27,894 

30 

34-474 

4,639     9.278 

13.917 

18.556  23.195 

27.835 

40 

45.965 

4.629     9.258 

13.887 

18.517  23.146 

27-775 

50 

3700 

10 

57.457 
68.94S 

4.619     9.238 
4.609     9.219 
4.599     9-198 

13*858 
13.828 
13.797 

18.477 ,23.096 

27615 
37.656 

27.594 

18,437 
18.396 

25.046 

22.Q95 

37- 

18- 

n.493 

1            1    1 

20 

22,986 

4.589     9*178 

13.767 

18.356 

22944 

27  533 

5 

0*002 

0002 

30 

34.480 

4.579    9*!57 

13,736 

18,315 

33.894 

27.472 

lO 

.ooS 

•C06 

40 

45-973 

4.568     9.137 

13.706 

18.274  22.843 

27-4" 

15 

.otS 

.018 

50 

57.466 

4.558     9.117 

13.675 

1 8. 234  22.792 

27.350 

30 

•032 

033 

1 

25 

-050 

.051 

38  00 

to 

68.959 

4  548  ^  9.096 
4.538    9076 

13.645 
13.613 

18.193 
18.151 

22.741 

22.689 

27.289 
37.237 

•30 

*073 

'073 

it-495 

20 

22.990 

4.527    9.055 

13.582 

18,109^22.637 
18.068^22.585 

27,164 

30 

34-485 

4.517    9.034 

>3.55i 

27.102 

40 

45.980 

4.506    9.013 

13.520 

18.026  22,533 

27.039 

1    1 

50 
3900 

57.475 
68.970 

4.496     8.992 
4.486    8.971 

13.488 
13-457 

17.984 
17-943 

23.481 
22.429 

36.977 
26914 

39* 

-• 

"■       ,             -11 

5 

0,002  1 

O.OD3 

10 

jr.497 

4.475     8.950 

13.425 

17.900 

22.375 

26.851 

to 

.ooS 

.006 

20 

22.994 

4.464     8.929 

13.393 

17.858 

32.322 

26.787 

n 

.01 B 

*oi9 

30 

34.49T 

4.454     8.908 

13.361 

17.815 

22. 269^ 

26.723 

so 

•033 

•033 

40| 

45  9«8 

4  443     8.886 

13.330 

17.773I  22.216 

26.659 

25 

.o5t 

.osf 

SO 

57.485 

4.433     8.865 

13.298 

17.73022,163 

26.595 

30 

.074 

.074 

4000 

68,983 

4.422  '  8.844 

13.266 

17.688  33.110 

26,532 
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ABSCISSAS   OF    DEVELOPED    PARALLEL,    dm 

H 

^  . 

-3^?  • 

ORDINATES  OF 

^^^1 

0  ^ 

DKV ELOPED 

^H 

=  2 

j^ 

5' 

10' 

15' 

20' 

25' 

30' 

PARALLEL* 

dp 

H 

s 

long. 

Jonjf. 

lOflg. 

io«(r. 

lODJ. 

long. 

1 

ifbcbcf. 

iocbcs. 

inches. 

Inchesu  \  inclaes. 

lacbci. 

inches. 

ii 

40-00' 

10 
,       20 

68.982 

4-423 

4.4tt 
4.400 

8.844 

8.822 
8.800 

13.266, 17.688 

13.233  17.644 
13.201117.601 

32.110 

22.055 
22.001 

26.532 

26.466 
36,401 

1- 

40- 

41* 

1 

It  49^ 
22.993 

iocbes. 

in  Che*. 

30 

34.497 

4-3«Q 

8.779:13.168  17.557 

21.947 

26.336 

^^^ 

40 

45.99^^ 

4378 

8' 757 

»3.I35  17.514 

21.892 

26,271 

5' 

0.002 

0.002 

^^1 

50 

57.4«>5 

4*368 

8*735 

1 3. 103. 1 7. 470 

21.83s 

26.206 

10 
15 

.008 

.019 

.008 
.019 

H 

41  00 

68.994 

4-357 

8.713  113.070  17.427;  21.784 

26.140 

20 

.033 

.033 

^^1 

25 
30 

.052 
.074 

.052 
*075 

10 

U.501 

4.346 

8.691    13.03717.383 

21.728 

26.074 

^1 

30 

23.002 

4^135 

8.669    13.00417.338 

21.673 

26.007 

^^1 

3<> 

34.503 

4324 

8.647    12.97^17.294 

21.618 

25.941 

^^1 

40 

46.004 

4'i>2 

8.625 

'2.937,17.250 

21,562 

25' 875 

^^^ 

ta 

50 

42  00 

10 

57'5o6 
69.007 

4.301 
4.290 

4.279 

8.603 
8.581 
8.558 

12.904  17.205 
12.871  17. 161 

21.507 
21.451 

25.808 
25.742 
25674 

1 

!   ^^^ 

43* 

ti.$03 

12.837  17.116  21.395 

"    ■" 

■ 

20 

23.006 

4.268 

8.535 

12.803  17.071  21.338 

25.606 

5 

0.002 

0.002 

^^1 

■ 

30 

34.510 

4  256 

8^513 

12.769  17.025 

21.282 

25.538 

10 

,008 

.008 

^^1 

■ 

40 

46.013 

4.245 

8.490 

12.735,16.980 

21.225 

25.470 

'5 

.019 

.019 

^^H 

I 

50 

57.516 

4.234 

8.467 

12.701 

16.935 

21,169 

25.402 

20     , 
25 

-033 
.052 

.033 
.052 

■ 

[ 

4300 

69.019 

4.222 

S.445    12.667 

16.890 
16.844 

2I.tI2 

21.054 

25.334 
25.265 

30 

.075 

,075 

■ 

I       ^^ 

lt.S05 

4  211 

8.422 

12.633 

■ 

ao  123.010  4.  iQg 

8.399 

12,598  16.798 

20,997 

25.196 

^^^ 

F 

f       30 

34.515 

4.J88 

8.376 
8.353 

12.564,16.751 

20.939 

25.127 

^H 

40 

46.020 

4.176 

12.529  16.705 

20.882 

25.058 

^^^^k 

50 

57.525 
69.030 

4. 165 

8.330 
8.307 

12.494  16.659 

1 
12.460  16.613 

20.824 
20.767 

24.989 

44' 

45- 

■ 

1 

4400 

4153 

24*920 

^^^1 

^^H 

\ 

5 

0.002 

0.002 

^^^^H 

■ 

10 

11.507 

4.142 

8.383 

12.4251  16,566 

20,708 

24.849 

10 

.008 

.008 

^H 

■ 

20 

23.014 

4.130 

8.260 

13.390'  16.519 

20.649  24.779I 

15 

.019 

.019 

^^1 

■ 

30 

34.522 

4.118 

8.236 

12.354  16.473 

20.591 

24.709 

20 

.034 

.034 

^^^ 

F 

40 

46.029 

4.106 

8.213 

12.319  16.426 

20.532 

24.638 

25 

.059 

.053 

^^1 

50 

57.536 

4.095 

8<I89 

12.284;  16.379 

20,473 

24.568 

30 

.075 

.076 

^1 

4500 

69.043 

4.083 

8.166 

12.249  16.332 

20,415 

24.498 

^^H 

1 
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^^^^^  nin>«  ^^  ^^^  i"<^^  (°  ^^^  mile. 

ABSCISSAS  OP   DEVELOPED    FA1ULLEL,    4m 

I 

*o  y »'  2 

OROINATCS  or 
DrV'ELOPED 
rARALLBL. 

5' 

10' 

15' 

30' 

35' 

30' 

^,i 

long. 

long. 

lonf. 

toag. 

long. 

long. 

inches. 

ifichca. 

inches. 

iiicbes. 

titchei. 

ioctaes 

inches. 

11 

to 

69-043 

4*083 
J.O"7I 

8.166 

8,142 

12,349 
12.213 

16.332 
16.384 

30.415 

34-498 

¥ 

45- 

46- 

11. 509 

30,355  24,436 

20 

23*018    4.059 

3.n8 

12.177 

16.236 

30,295 

24  354 

laches. 

Jncbet: 

30 

34.528    4.047 

8.094 

12-141 

16,188 

20»236 

24.283 

40 

46.037   4.03s 

8  070 

12,105 

16.141,20.176 

24.211 

5' 

0.003 

0.003 

50 

57^546   4^023 

8,046 

12,070 

16.093 

30.116 

34*139 

10 
15 

ooS 

.019 
.034 

.006 

4600 

69,055   4,011 

8.023 

12,034 

16.045 

30.056 

24.068 

30 

m 

\ 

25 

,053 
.076 

.0531 
076^ 

10 

iKSirl  3.999 

7-9Q8 

11.997 

15.997 

ig.^tKJ 

23-995 

30 

20 

23.023  3.9S7 

7.974 

U.961 

15-948  19.935 

23.923 

30 

34*534   3-975 

7.950 

11,925 

15  699  19.974 

23.849 

40 

46.045 1  3- 963 

7.925 

11.888 

15-S51 

19*813 

23.776 

1 

so 

4700 

10 

57*357      T.Q^I 

7.901 
7-877 
7-853 

11.S52 

15.802 

19  753 
19,693 
19,630 

33.703 
33.630 
33.556 

69.068 

3-938 

11. 8x5 
11.778 

IS7S4 
15.704 

47' 

48- 

11.513 

3.926 

5 

0,002 

0,0(12 

20 

23.027   3  914 

7*827 

11.741 

15655 

19569 

23.482 

10 

,ooS 

,oo3      1 

1 

30 

34.540I  3- 901 

7,803 

11.704 

15.006  19,507 

23.403 

15 

,oi9|     ,019 
.034      .033 

40 

46.053;  3*889 

7-778 

11.067 

15-556 

19445 

33-334 

30 

50 

57-567,  3*S77 

7.753 

11,630 

15.507 

19  383 

23.260 

25 
30 

.052      .052 
.075      .0:5 

4800 
10 

69.080 

3,864 
3.S52 

7.729 

7.704 

"■593 
U  555 

15.457 
15407 

19.333 

19.259 

33.186 
23,111 

' 

n.SiG 

20 

23-03  T    3  839 

7*679 

ir,5tS 

15*357 

19. 196 

23035 

1 

30 

34.546  3.827 

7.653 

11.480 

15-307 

19-134 

22  960 

1 

1 

40 

46.062   3.814 

7.628 

r  1.443 

15.257 

19.071 

22.885 

1 

1     1 

50 

57.577   3*802 

7,603 

n.405 

15,206 

19.008 

22.810 

49' 

so-  ,    1 

4900 

69,093 

3-789 

7.578 

11.367 

15.156 

18.945 

«.734 

J 

5 

0,003 

o,oo«v  1 

10 

11-517 

3.776 

7.553 

11.339 

15.105 

18.883 

33,658 

10 

.008 

.QOST 

1 

20 

23.035   3  764 

7527 

11,291 

15.054' 18.818 

22.581 

15 

.019 

.01<^ 

30 

34-552;  3-751 

7.502 

11.253 

15003  18,754;  22, 505 

30 

•033 

.03^ 

40 

46,070  3.73S 

7476 

U.2J4 

14.952  iS  690  22,429 

35 

.052 

.OS^ 

50 

57  587 

3.725 

7.451 

11.176 

M  90T 

18,627  22.352 

SO 

-075 

.*>7S^ 

5000 

L 

69,105 



3.713 

7.435 

11.138 

14.850  18.563  33,376 
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Scale  fiW*  or  one  inch  lo  one  mile. 

^J 

hi 

thti 

ABSCISSAS   OF    DKVElXkPKD   PARALLEL,    dm 

fl 

^  - 

0RD1NATE5   OF. 
DEVELOPED 

H 

It 

1 

P 

lis! 

5' 

■"' 

15' 

20' 

25' 

30' 

PARALLEL. 

dp 

H 

*^/ 

long. 

long. 

long. 

long. 

long. 

long. 

1 

inchet. 

inches.  !  iocbcs. , 

incbet. 

inche*. 

inches. 

incbet. 

11 

50*00' 

69,105 

1 
3.713  1  7.425 

3,700  1  7.399 
3.687     7.374 

ir. 138. 14.850 

11.099  14-799 
11.060  14.747 

1               1 
118.563(22.276 

18.499!  22. 198 
18.734  22.121 

t 

5<>* 

51* 

■ 

10 

11.520 
23.039 

20 

inches. 

inches. 

1 

30 

34.558 

3.674 

7.348 

11.021  14  695 

18. 3O9' 22.043 

f 

^H 

40 

46.078 

3.661 

7.322 

10,983114.644 

118,305121,965 

5 

0.002 
.008" 
.019 

0,002 
.U08 
,019 

^H 

50 

57.59« 

3.648 

7-296 

10,944 

14.592 

j 18.240 

21.888 

10 

15 

.H 

51  00 

69.117 

3.635 

7.270 

10.905 

14.540 

18.176 

21. 811 

20 

.033 

.033 

fl 

10 

3.622 

,..« 

10.866 

14.488 

B8.no 

21.73a 

25 

30 

.052 
.075 

,051 

.074 

J 

11.521 

20 

23.043 

3.609  ;  7.218 

10.827 

14.436 

18,045 

21.653 

^^1 

30 

34-564 

3.596  1  7. 191 

10787 

14.383 

17.979 

21.574 

^^1 

40 

46.086 

3.583     7.165 

10.748 

14.330 

17.913 

21.496 

^H 

*0  i  e  •?.  ftn-T 

1-^70      ''    fif*- 

10. 709 

14.278 

17^848 

21.417 

1 

3M 

j**-^/ 

y^i^ 

t'-^^ 

S8  0O 

69.128 
n.S23 

3.556 
3  543 

7.113 
7.086 

10.669 
10,629 

14.226 

14.172 

17.782 
17.716 

21.338 
21.259 

52- 

53' 

1 

5 

0,002 

0,002 

ao 

23.047 

3.530  ;  7.060 

10.589 

14  "9 

17.649 

21.179 

10 

.ooS 

,008 

^H 

30 

34*570 

3.516  7.033 

10.550 

14.  t^ 

17.583 

21.099 

15 

.018 

.018 

^H 

40 

46.094 

3.503 1 7.006 

10.510 

14.013 

17.516 

21.019 

20 

,033 

-032 

^H 

50 

57.617 

3  490 , 6.980 

10.470 

13*960 

17.450 

20.939 

25 

.051 

.050 

^K 

30 

.073 

.073 

^H 

S3  00 

69,140 

3477 

3.463 

6-953 

6.926 

10.430 

10.389 

13-906 

13.852 

17*383 
17.316 

20.860 
20,779 

■ 

lO 

M.525 

20 

23.051 

3.450  6.899 

10.349 

13-798 

17.24S 

20.698 

^H 

K30 

34.576 

3.436  6.872 

t0.30Q 

13.745 
13.691 

17.181 

20.617 

20.536 

^H 

■4^ 

46.102 

3.423  \  6.845 

10,268 

17.114 

^^^1 

V^^ 

67,627 

3.409  6.818 

10.228 

13.637 

17.046 

20.455 

54° 

55- 

^M 

^Ln 

69,152 

\  406  ^  **'*'* 

10.187 

13.583 

16.979 

20,374 

H 

3. 39" 

".  /v* 

" 

^B 

5 

0.002 

0.002 

^H 

^Pso 

11.537 

3-382 

6.764 

10.146 

13.5281 

16.910 

20.293 

JO 

.008 

.008 

^H 

90 

23055 

3.368 

6.737 

10.105 

13.474 

16.S42 

20.210| 

15 

.018 

.018 

^^m 

30 

34-582 

3-355 

6-709 

I0.064I  13.419 

16.774 

20.128 

20 

.032 

.032 

^H 

40 

46.109 

3.341 

6.682 

10.023113-364 

16.706 

20,047 

25 

.050 

.049 

50 

57.636 

3.327 

6.655 

9.982 

13.310 

16.637 

19.964 

30 

.072 

.071 

5500 

69.164 

3.314 

6.628 

9-941 

13-255 

16.569 

19.683 

1 

^ 

n 
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■ 

^fc^                                 Table  XXIII. 

^^^H 

^^^^K              COORDINATES    FOR    PROJECTIOM   OF   MAPS.          ^^| 

~                              Scale  rrhiji*  «>f  ^o*  »*»^h  to  one  mile. 

1 

hi 

ABSCISSAS   OF  DEVELOPED   PAItAtLCL.  dm 

1 

1 

2* 

oEPniATSs  or 

DBVCLOrtD 

1^ 

P 

nil 

5' 

lO* 

15' 

30' 

25' 

30' 

PARALLEL. 

1 

lOOf. 

»ont. 

loog. 

lonj. 

long. 

Umg. 

inehet. 

iochei. 

IDC  bet. 

inches. 

inches. 

Inches, 

inches. 

ii 

10 
30 

69.373 

2.443 

2.438 
2.412 

4.8S6 

4.855 

7.329 
7.281 

9.772 

9. 71 1 
9.650 

13.315 

13.139 
13.062 

14  658 
14.566 

0  e 

65- 

66' 

11.547 

23.094 

4.825  \  7337 

14.474 

Inches. 

mcbo 

30 

34.641 

3,397 

4704 

7-191 

9.58B 

11.986 

14383 

-# 

40 

46.188 

2.382 

4.764 

7.145 

9.527 

11.909 

14.291 

5 

0.003 

aoo2 

50 

57.735 

3.366 

4  733 

7.100 

9.466 

11.833 

14.199 

10 
15 

.006 
.014 

.006, 
,014 

g 

6600 

69.382 

2.351 

4.703 

7.054 

9.405    11.756 

14.107 

30 

.026 

.02s  1 

^ 

m 

25 

.040 

.039 
.056 

10 

11.548 

3.336 

4.67a 

7007 

9.343 

11.679 

14.015 

30 

,058 

30 

23,097 

3.320 

4,641 

6.961 

9,282 

It, 602 

13.923 

30 

34,646 

2.305 

4.610 

6.915 

9.320 

11.525 

13-830 

1' 

40 

46, 194 

2.390 

4.579 

6.869 

9*158 

11,448 

13.738 

1^ 

50 

6700 

10 

57.742 
69.291 

3.274 
3.359 
2.343 

4^548 
4.518 
4.487 

6.823 
6.776 

6.730 

9097 
9.035 

8.973 

"■371 
11.394 

11.217 

13.645 
13.553 
13.460 

1 

67- 

68-  1 

11.550 

30 

33. 100 

2.238 

4.455 

6.683 

8.911 

11.139 

13.366 

5 

0.00; 

O.OOI 

30 

34.650 

2.212 

4^424 

6.637 

S.849 

11, 06 1 

13.273 

10 

.006 

.006 

40 

46.200 

2.197 

4.393 

6,590 

8.787 

10.9S4 

13.180 

15 

.014 

,013 

so 

57.750 

2,181 

4,363 

6.543 

8.724 

10.906 

13.087 

30 
25 

,034 
.03S 

.033 
.036, 

i 

6800 

10 

69.300 

2.166 
2.150 

4.331 
4-300 

6.497 
6.450 

8,662 
8,600 

10,828 
10.750 

13,994 
12.900 

30 

•054 

•055H 

11.552 

30 

23.103 

2.134 

4.369 

6.403 

8.538 

10.672 

12.806 

■ 

30 

34.654 

46,206 

2. 1 19 

4.237 
4.306 

6.356 
6.309 

8.475 
8412 

10.594 

13.712 

! 

w 

40 

2.103 

10.516  13.019 

50 
6900 

57.758 
69.309 

3.088 

4-175 

6.263, 

8.350 

10.438 

12.525 

69- 

70* 

3.073 

4,144^  0.310 

8.388 

10.360 

12.431 

5 

0.001 

0,001 

10 

"553 

3.056 

4.112 

6.169 

8,225 

10,381 

13.337 

10 

.006 

,005 

30 

23.106 

2.040 

4.081 

6,J3I  ' 

8.162 

I0,3O2 

12,243 

15 

.013 

*OIJ  1 

30 

^4.659 

2.025  \ 

4,049 

6.074 1 

8,099 

10.124 

12.148 

30 

.032 

.021M 

40 

46.213 

2.oog 

4.018 

6.U27 

S.036 

10.045 

12.054 

25 

.035 

.034W 

50 

57.764 

1-993 

3.9*6 

5.980 

7*973 

9.966 

11.959 

30 

.051 

.049 

1 

7000 

i 

69317 

I  977 

i 

3.955 

L 

5.932 

7.910 

9.888 

11.865 

i 

1 
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^^V                              Tarle   XXIIL 

H 

^B               COORDINATES   FOR    PROJECTION    OF   MAPS, 

^1 

^^P                                Scale  itliir*  or  ^^^  ^(^ch  to  one  mile* 

■ 

ABSCISSAS   OF   DCVSLOPCD    PARALLEL,    dm 

ORDINATES   OF 
DEVELOPED 

1 

Wkt  i*^^^ 

5' 

10^ 

15' 

20' 

25' 

30* 

PARALLEL. 
dp 

H 

lon£. 

long. 

Uw»r, 

tone. 

long. 

loor 

I 

kft 

inches. 

iiicheii. 

incLhea, 

incbefl 

inches. 

iacbe*.  inchct. 

11 

69.317 

I.QTTI   3-955 
1.962'    i.ast 

5.932 
5.885' 

7.910 
7 '846 

9,888 
9.808 

11.865 
11.770 

ji 

70' 

71- 

I 

]i.«<A 

30    23.109 

1.946 

3.892 

5.837 

7.783 

9.729 

11.675 

inches 

inches. 

^H 

30    34.663 

1.930 
I  914 

3.860 

5.790    7.720 

9  650 

11.579 

^^^ 

40  146.217 

3.828 

5.742 

7.656 

9-571 

11,485 

5' 

0.001 

o.ooi 

^^^ 

'           50    57.773 

1.898 

3-796 

5.605 

7  593 

9.491 

11,389 

10 

.005 

.005 

^^^ 

15 

,012 

.012 

^^H 

71  00 
10 

69.326 

1.882 
1.866 

3.765    5.647 
3.733    5.600 

7  530 

7.466 

9.412 

9.333 

11.294 

11.199 

20 
25 
30 

.022 
.034 
-049 

.021 

.032 

'047 

■ 

n.556 

20 

23. Til 

1.850    3.701:  5.552 

7.402 

9.253 

11.103 

^^^ 

30    34-667 

1.835    3-669    5.504 

7  33S 

9.173 

ir.008 

^^1 

40    46.222 

1.819!  3.637    5.456 

7.275 

9.094 

10,912 

^^^ 

50 
7300 

11          10 

57.778 

1.803.  ^.6o«    A. ^08 

7.211 

9.014 

to.Sl6 

^^^^k 

69.334 

1.787 
1.771 

3.574 
3.542 

5.360 
5.312 

7  147 
7.0^3 

8-934 
8,854 

10.721 
10  635 

72' 

73' 

1 

II  557 

5 

0,001 

O.OOT 

Ik  ^ 

23.114 

1.755 

3.509    5,264 

7  019 

8.774 

10.538 

10 

.005 

.005 

^^^ 

■  30 

34.670 

1*739 

3.477    5  216 

6.955 

8,694 

10.432 

15 

.Oil 

.Oil 

^^1 

^H   40  46.227 

1.733 

3  445    5  163 

6  891 

8,614 

10.336 

20 

.020 

.019 

^^1 

B  so  57  784 

1.707 

3,413    5.120 

6.826 

8.  533 

10,240 

25 

.031 

.029 

'^H 

P 

30 

,044 

,042 

^^1 

7300 

to 

69.341; 

1,691 
1.674 

3.381    5.072 
3.349    5.024 

6,762 
6.598 

8.453 
8.373 

10.144 

10.047 

I 

11.558 

l_L     ^ 

23.116 

1.658 

3.317,  4.975 

6.634 

8, 292 

9.950 

^^1 

■  1: 

34.674 
46.232 

t.642 
1.626 

3.284  4.927 
3.252,  4.878 

6.569 
6.504 

8. 211 
8. 131 

9  853 
9.757 

^H 

^V   40 

^^^^H 

n     50 

57-790 
69.348 

1. 610 

3.220   4.830 

i 
3.188    4-782 

6.440 
6,376 

8,050 
7 -970 

9.660 
9.563 

74- 

75' 

■ 

74  00 

1.594 

5 
10 

0. 001 

0,001 
.004 

^^^ 

'       to 

11.539 

1.578 

3.155    4-733 

6.311 

7.889 

9,466 

.004 

^H 

30 

23.118 

1.562 

3.123    4.685 

6.246 

7.808 

9,369 

15 

.010 

.009 

^^1 

30 

34.677 

1.545 

3.091    4.636 

6,181 

7.727 

9  272 

20 

,018 

.017 

^^1 

1     ^^ 

46.236 

1.529 

3.058    4.587 

6.116 

7.645 

9  175 

25 

.028 

.026 

^^1 

50 

57.796 
69-355 

1. 513 

3.026 

4.539 

6.052 

7.565 

9,077 

30 

.040 

038 

^1 

u  '^"^ 

1-497 

2.993 

4.490 

5.987 

7-484 

8,980 

fl 

■^^K 
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Table  XXIIL 
coordinates  for  projection  of  maps. 

Scale  tilva'  ^^  ^^^  ^"^h  to  one  mite. 


11 


iVoo' 


Inches. 
69.335 


10  In. 560 

ZO  133.  X20 

30  '34.681 


40 
50 


46.241 

57-8of 


7600  69.361 


ABSCISSAS  or  DBYSLOFftD   PAILALLBL.    dm 


5 
long. 


10 


15' 
long. 


inches.    iach€ft.i  IncbM. 

I 

I  497   a  9^3  4.4^ 


1.4S0I 

I  4&4 
i'44Si 
1-432; 
I-4I5J 

1-399 


2.961 
2.928 
2.8q<^> 
3.863 
2.S3I 


4-441 
4  39i* 
4.344 
4  295 
4.246 


10   11.561     1.383 
20  123.122 
30  34*683 
40  46.244 

50  '57.806 


7700  69.367 


to 
20 

30 
40 
50 


1.562 

33-224 

34.686 
46.S43 

57.610 


73  00  I69.373 


10 j I 1,563 
20  123.126 

30  34.639 
40  46^252 
50  57  814 

7900  69.377 


J. 366 
1.350 
"334 
1. 317 


2.798    4.197 
2.765    4' MS 


\ 


2.733 
2 -700 
2.667 
2  634 


4.099 
4.050 
4.001 
3  95a 


1.301 

1.284 
1.368 

r  .252 


2.602   3.903 


2.569 

2  036 
2.503 
K233I  2.470 
1. 319  2.438 


3854 
3.804 

3.755 
3.706 

3  656 


1.202    2.405    3.607 


iS6| 
-69 
.i<3' 
136I 
120 


2.372 

2  339 
2  306 

2.273 
2.340 


3.556' 
3  S08 

3-459 
3.410 
3.360 


30' 

loaf. 


35' 
ionjE. 


10  I11.564 

30    23.127 

30  i34'69l 
40  j.46.255 
50  57.818 

So  00   69.3S2 


1,104    3.207    33"i 


1,087 
1070 
1.054 
1.037, 

1. 021, 


inches,    inches 


5.9871   7.484    8.98Q 


inches. 


5.932^ 
5.8S6; 
5.7921 
5.736 
5.66t 


403 
321 
340 

158 
077 


5.596    6.995    8.394 


5.530 
5.465; 

5.400' 

5.334! 
5.269 


6  913 

6.832 
6.750 
6.668 
6.586 


5.204  6  505  7-805! 

5.138  6.423 

5.072  6.341 

5.006  6.258 

4  941  6.176 

4.875  6.094 

4.810.  6.013    7,114 


4.744 

4.67S 
4  612 
4.546 
4.480 


5.930 

5.S47 
5  765 
5  683 
5.600 


2.174 
2.  141 

i .  to3 

2.07s 

2.043 


4414  5  5Z8  6.621 


5.435 
5-352 
5.270 
5.187 
5.104 


t .  UO4  2 .  009 

I         I 


3.261 

434** 

3-2ti 

4.282 

3.162 

4216 

3. 112 

4.150 

3,062 

4.0831 

3.013 

4-OI7 

5.032 


ORDIKA1KS  OP 

DEVELOPED 

TAKAt  LEL. 

dp 


.903, 


6.036 


75" 


inches  I 


o.oot  O.OOtj 
.004,  .0031 
.008  .ooSJ 
-015 
.033 
.033 


80- 


o.oot   o.ooi 

003  i     ,003 

.007      006 
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f      i86.  Use  of  Projection  Tables — Where  it  is  proposed  to 
project  a  map  on  a  scale  which  bears  a  decimal  ratio  in  inches 
to  linear  miles,  the  quantities  to  be  laid  off  can  be  derived 
directly  from  Table  XXI IL     This  table  is  arranged  on  the 
scale  of  one  mile  to  one  inch,  and  the  quantities  to  be  laid 
oflf  for  meridians  or  parallels  are  given  in   inches.     For  any 
other  scale,  as  that  of  two  miles  to  one  inch,  and,  for  ex- 
ample, for  a  30'  projection  between  latitudes  51*  and  31**  30', 
and  say  in  longitude  98**  to  98^  30'  (Fig,  134),  the  quantities 
be  laid  oflf  on  the  projection  are  to  be  obtained  in  inches 
Tom  the  table  for  every   5'  by  halving  the  amounts  in  the 
able.     Quantities   required  for  projections  ruled  at  shorter 
intervals  than   5'  may  be  obtained   by  moving  the  decimal 
point.     Thus  for  parallels  5'  apart  the  quantity  corresponding 
o  differences  in    latitude  of   30'  is  sought  and  the  decimal 
int  moved  one  place  to  the  left,  etc. 
Where  it  is  desired  to  make  a  projection  on  any  other 
scale  than  that  bearing  an  even  decimal  relation  of  inches  to 
miles,   projection  tables,  XXI\\   XXV,  and   XXVI,  should 
be  used*     The  first  of  these,   Table  XXIV,  gives  the  exact 
lengths  of  degrees  of  parallels  and   meridians  in  meters  and 
in  statute   miles,   and   these    may   be   reduced   to   inches   or 
other  scale.      Tables  XXV  and  XXVI   may  be  used  in  pro- 

Ejecting  large-scale  maps,  approximately  within  the  limits  of 
the  United  States,  between  latitudes  24°  and  51°  north. 
The  first  of  each  pair  of  columns  in  Table  XXV  gives  the 
latitude,  and  opposite  to  it  the  corresponding  length  of  one 
minute  of  parallel  in  meters.  These  may  be  reduced  to  any 
map  scale  by  consultation  of  reduction  tables  (Chap.  XXX.) 
^^Corresponding  values  less  than  one  minute  may  be  obtained 
^■by  moving  the  decimal  point  one  place,  which  will  give  the 
^B\'alue  for  six  seconds.  Thus,  in  Table  XXV,  for  latitude  28* 
^Htlie  length  of  one  minute  of  parallel  is  1639.4  meters.  The 
^Jlcngth  of  six  seconds  of  the  same  parallel  is  obtained  by  mov- 
r      ing  the  decimal  point  one  place  to  the  left,   163.94  meters. 
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For  the  lengths  of  meridional  arcs  the  quantities  d$H  are 
obtained  for  a  given  latitude  from  Table  XXVI  in  the  follow«j 
ing  manner:  For  the  latitude  and  for  the  number  of  degree 
of  longitude  included  in  the  projection,  the  length  of  dm 
given  in  meters*  which  is  to  be  found  in  the  first  columaJ 
is  to  be  laid  off  both  to  right  and  left  of  the  vertical  centr 
meridian.  At  each  of  the  points  thus  found  perpendiculari| 
are  to  be  erected  which  will  be  parallel  to  the  central  mendian,] 
and  the  lengths  of  the  corresponding  ordinates  dp  are  to 
laid  off  upon  them.  Through  the  extremities  of  each  of  thcse^ 
perpendiculars  draw  lines  which  will  give  the  confining  out- 
lines of  the  curves  of  the  parallels  and  meridians.  Spaces 
between  the  extremities  dp  may  no\v  be  divided  into  con- 
venient equal  parts  of  the  same  value,  5'  or  15',  etc.,  as  was 
given  the  spaces  between  the  meridians.  Curved  lines  drawn 
between  these  will  represent  the  parallels  of  the  completed 
projection  according  to  the  number  of  equal  parts  used. 

187.  Areas  of  Quadrilaterals  of  Earth's  Surface. — It  is 
sometimes  desirable  to  determine  the  areas  of  quadrilaterals 
of  the  earth^s  surface,  and  these  may  be  found  directly  from 
Table  XXVII.  Areas  of  quadrilaterals  of  less  or  greater  ex- 
tent than  one  degree  may  be  found  by  simple  division  or 
multiplication*  H 

188.  Platting^  Triangulation  Stations  on  Projection, — 
The  projection  of  the  map  being  now  constructed,  it  is  neces- 
sary to  plat  upon  it  the  exact  positions  of  the  triangulation 
stations.  These  must,  of  course,  have  been  previously  com- 
puted^  so  that  their  geodetic  coordinates  (Chap.  XXIX)  arc 
exactly  known.  These  coordinates  are  given  in  degrees, 
minutes,  and  seconds  of  arc.  Assume  that  the  projection  has 
been  so  platted  that  meridian  and  parallel  lines  are  shown  for 
every  ten  minutes;  then  the  nearest  degrees  and  ten  minutes 
of  latitude  and  longitude  of  each  position  are  taken  out  and 
the  corresponding  rectangle  found  in  w^hich  the  point  will  fall. 
The  odd  minutes  and  seconds,  those  greater  than  ten  min* 
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Table  XXV. 

FOR  PROJECTION  OF  MAPS  OF  LARGE  AREAS. 

(Extracted  from  Appeodix  No.  6»  U.  S.  Cont  and  Geodetic  Swvcjr  Rcp«irt  fir  iMfi) 
AftCS  OF  THB  PAKALUU.  IN  MBTBES. 
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Table  XXVL 
for  projections  of  maps  of  large  areas. 

Ubtncttd  frea  Appeodiz  No.  «,  U.  S.  Cont  and  Cepittfc  fiwiif  Report  fViH«.br 
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utes,  are  then  reduced  to  minutes  and  their  decimals.  These 
are  multiplied  by  the  corresponding  distances,  taken  directly 
from  Table  XXIII  or  Tables  XXV  and  XXVI,  and  corrc 
spondtng  to  one  minute  for  the  map  scale  selected. 

Having  found  these  quantities,  the>'  are  platted  as  differ- 
entials of  latitude  northward  from  the  last  latitude  line  ruled 
on  the  projection,  and  as  differentials  of  longitude  westward 
from  the  last  longitude  line  platted  on  the  projection,  and 
perpendiculars  are  erected,  the  intersections  giving  the  exact 
position  of  the  point.  When  all  the  points  falling  within  the 
area  of  the  map  have  been  platted  in  this  manner,  the  accu- 
racy of  the  plat  may  be  tested  by  computing  the  differences 
of  latitude  and  longitude  backward  by  subtracting  the  min- 
utes and  fractions  from  the  next  greatest  ten-minute  projec- 
tion line.  They  are  also  to  be  checked  by  measuring  the 
distance  between  tlve  various  points  as  given  in  the  computed 
geodetic  coordinates  and  reduced  to  the  map  scale, 

189.  Scale  Equivalents.— The  proper  scale  to  emplc^ 
for  a  topographic  map  is  dependent  wholly  upon  the  pur- 
poses to  which  that  map  is  to  be  put.  Where  it  is  desimbli 
to  sho%v  the  topography  of  a  large  area  of  country*  on  a  singfc 
map,  the  smallest  scale  skenU  he  emfhftd  which  will  permfl 
of  representing  the  features  it  is  desired  to  show,  for  tl 
reason  that  the  smaller  the  scale  the  larger  the  area  brough 
in  view  of  the  eye  on  one  piece  of  paper.  Again,  the  scale  i 
affected  materially  by  the  method  of  representing  relief*  If 
contours  are  employed,  such  a  scale  must  be  used  as  wij 
permit  of  all  the  contours  being  shown  in  the  proper  place 
without  crowding  them  too  closely  upon  the  map,  on  the  on 
hand,  and  yet  without  their  being  so  far  apart,  on  the  otli^ 
hand  as  to  detract  from  the  expression  which  they  give 
the  surface  relief.  In  general  it  may  be  stated  that  for 
given  contour  inter\*al  the  smallest  scale  should  be  chc 
which  will  permit  of  properly  platting  the  contours,  for  thusr 
ly  bringing  them  closer  together,  the  best  effect  is  obtained 
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depicting  the  forms  mapped,  and  the  largest  area  is  shown        ^^H 

n  a  given  map  sheet,                                                                             ^^^| 

For   exploratory   maps   scales    as    small    as    one    to    one-        ^^^| 

lillionth  may  be  employed.      For  geographic  maps  scales  ol        ^^H 

:  63,360  to  1 :  500,000  may  be  most  satisfactorily  employed.         ^^H 

'or  general  topographic  maps  scales  of  1 :  10,000  to  i  :  63,360        ^^H 

fill  be  sufficiently  large  to  permit  of  properly  representing  the        ^^^| 

srrane.     For  cadastral  maps  scales  of  1 :  2.500  to  i :  10,000        ^^^| 

H|r  be  used,  and  for  these  as  well  as  for  detailed  topographic        ^^^| 
^aps  for  the  working  out  of  engineering  problems  scales  as        ^^^| 

y^e  even  as  loc  or  200  feet  to  the  inch  may  be  employed.            ^^H 

HTable  XXVIII  gives  in  fractional  form  the  ratio  of  inches        ^^^| 

^rresponding  to  a  given  distance  in   feet,  miles,  meters,  or        ^^^| 

ilometers,    as    represented    by    the    reduction    from    nature        ^^^| 

^                             Table   XXVIII.                                         ^H 

"         SCALE   EQUIVALENTS    FOR   VARIOUS' RATIOS.                            ^^^k 
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to  maps  of  diffeient  scales.  This  table  gires  a  number  < 
those  equivalents  corresponding  to  the  more  usual  map  scali 
employed  both  in  engineering  topography  and  in  the  topi 
graphic  and  geographic  atlases  published  by  State  and  Goi 
emment  organizations. 

Table  XXIX  gives  equivalent  ratios  showing  the  nun 
ber  of  inches  corresponding  to  one  mile. 

Table  XXIX. 

RATIOS  EQUIVALENT  TO  INCHES  TO  ONE  MILE. 


inch 

to  I  mile. 

Equivalent 

i:63»36o 

inches 

1 :  50,688 

1:47,520 

1:42.240 

• 

1 :  39,600 

I : 38,016 

2 

<<  • 

1:31,680 

2i 

1:25,344 

3 

1:21,120 

4 

1:15,840 

5 

1 :  12,672 

6 

1:10,560 

CONVENIENT  EQUIVALENTS. 

I  inch  -  2.54  centimeters. 

I  foot  =  0.3048  meter. 

I  yard  =  0.9144  meter. 

I  mile -1.60935  kilometers. 

I  square  yard  -  0.836  square  meter. 

I  acre -0.4047  hectare. 

I  square  mile  -  259  hectares. 

I  square  mile  =  2.59  square  kilometers. 

I  cubic  foot  -  0.0283  cubic  meter. 

I  cubic  yard  -  o.  7646  cubic  meter. 

I  acre  -  209  feet  square,  nearly. 

I  acre  -  43,560  square  feet  -  4840  square  yards. 

I  statute  mile  -  1 760  yards  -  5280  feet  -  63,360  inches. 

I  cubic  foot  -  7.48  gallons  -0.804  bushel. 

I  cubic  foot  of  water  weighs  62.4  pounds. 

I  wine  gallon  -  8.34  pounds  water. 

I  wine  gallon  -  231  cubic  inches. 

I  avoirdupois  pound  -  7000  grains. 

I  troy  pound  -  5760  grains. 


CHAPTER    XX. 

TOPOGRAPHIC   DRAWING. 

igo.  Methods  of  Map  Construction. — There  are  two 
general  modes  of  representing  artificially  in  map  form  the 
various  topographic  features  surveyed.     These  are: 

I.  Representation  on  paper  by  means  of  various  conven- 
tional signs  used  in  topographic  drawing;  and 

2-  Representation  of  the  relief  in  a  miniature  model, 
special  features  of  culture  or  drainage  being  denoted  by 
^conventional  signs  painted  thereon. 
^g  A  third  method,  and  one  which  is  most  graphic  in  the 
I  depiction  of  surface  forms,  is  by  making  a  photograph  of  a 
I     model  map*  the  result  being  a  reluf  nu^p. 

The  various  processes  employed  in  indicating  the  results 
of  a  topographic  survey  on  paper  are  described  as  topographic 
drawing  (Art.  191).  Those  employed  in  representing  the 
same  on  a  model  map  are  known  under  the  genera!  expression 

h modeling  (Art.  198). 
I      Relief  maps  are  photomechanical  copies  of  model  maps 
fArt.  198). 

191.  Topographic  Drawing^. — In  drawing  topographic  or 
geographic  maps,  a  few  conventional  signs  have  been  gener- 
ally accepted  for  the  representation  of  the  various  features  of 
the  terrane.  Wavy  lines,  corresponding  in  plan  to  their  posi- 
tions upon  the  surface  of  the  earth,  are  employed  to  represent 
outlines  of  seacoast  or  takes,  margins  of  streams,  etc.  In 
representing  a  stream  it  is  customary  to  begin  at  the  head- 
waters, where  the  stream  is  smallest,  with  the  finest  possible 
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Kne.    increasing  its  width  as  the  stream   increases  in  size, 
until  toward  the  mouth,  if  the  map  scale  will  permit  it— ji 
single  line  failing  to  be  suBScient  for  its  representation — it 
becomes  necessary-  to  double-line  it,  the  two  lines  represent' 
tng  as  nearly  as  possible  to  scale  the  outlines  of  the  shores  of 
the  stream.      Water  surfaces^  such  as  those  of  oceans  or  takes 
or  of  broad  hverst  are  indicated  by  parallel  lines  called  watef 
lines,  some^'hat  like  contour  lines,  and  the  distance  between 
them  at  the  shore  is  about  equivalent  to  the  width  of  the 
line,    this  distance   being   increased   rapidly  away   from   the 
shore  until  the  lines  disappear  entirely.     (Figs,  43  and  146.) 

Surface  forms  of  relief  are  represented  by  two  genera] 
systems : 

K  The  vertical  system,  by  hachures  (Figs.  19,  141,  and 
143),  which  are  short  lines  parallel  to  the  direction  of  flow  o( 
water  on  the  slope  and  based  upon  a  scale  of  shades  so 
graduated  as  to  represent  the  relative  amount  of  light  which 
may  be  reflected  from  various  degrees  of  slope ;  and 

2.  The  horizontal  system,  by  contours  {^\^%,  4,  135,  and 
139),  which  are  continuous  lines  representing  equal  vertical 
intervals  and  which  are  in  fact  projected  plans  of  the  line  at 
which  a  water  surface  (of  the  ocean,  for  instance)  would  inter- 
sect the  surface  of  the  earth  were  it  raised  successively  by  equal 
amounts.  These  contours  are,  then,  curved  lines  which  repre- 
sent in  plan  the  country*  as  it  would  appear  if  it  were  cut  by  a 
series  of  equidistant  horizontal  planes.  The  contour  interval^ 
as  it  is  called,  or  the  distance  between  two  contour  lines,  may  be 
assumed  at  pleasure,  but  must  be  constant  for  the  same  map. 

Still  another  method  of  representing  surface  slopes  is  by 
crayon  or  brush  shading  (Fig.  138),  so  as  to  give  the  effect 
produced  by  hachures,  but  in  a  uniform  tint:  and  still  another 
and  perhaps  the  best  method  of  all  is  that  of  shading  a 
contour  map  in  such  manner  as  to  produce  the  graphic  relief 
effect  resulting  from  hachures,  while  at  the  same  time  it  retains 
the  quantitative  property  given  by  contours.      (Fig.   136,) 


METNODS  OF  MAP   CONSTRUCTJOhT. 


Fig.  135*— Co»toob(Z?),  SnADE-UNE(iff),  AND  Hachure  Construction  (^). 
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The  representation  of  relief  by  katkmrn  is  ^a/kic  mfy. 
By  this  method  quality  of  relief  is  the  first  consideratian«  aivd 
quantity  or  relative  amount  of  relief  is  secondary.  (Ftgs,  135 
and  143.;  Where  quantitative  relief  is  nccessarj-.  as  in  the 
work  of  the  engineer  or  geologist,  a  contour  map  Is  essential 
While  such  a  map  is  possessed  of  mathematical  qualities  and 
clearness  that  are  lacking  in  the  hachured  map»  it  fails  to  2 
large  degree  in  representing  the  details  of  the  surface,  and, 
moreover,  its  representation  of  surface  forms  is  dif&cult  q{ 
interpretation  by  the  inexpert.  The  representation  of  rdid 
by  hachures  has  been  characterized  as  a  graphic  s>^siem  with  a 
conventional  element,  and  the  contour  method  of  representing 
relief  as  a  conventional  system  with  a  graphic  element,  the 
latter  being  obtained  when  the  contour  inter\^  is  so  small  as 
to  produce  a  shading  in  the  map.  as  when  the  scale  selected 
is  relatively  smalh     (Figs.  4,  34,  and  35.) 

In  any  form  of  map-shading  the  hghting  may  be  taken 
from  one  of  two  directions.  If  vertical,  that  is,  from  above, 
no  high  lights  are  introduced,  but  the  highest  summits  have 
the  lightest  tint.  The  better  and  more  commonly  accepted 
method  of  shading  is  to  assume  that  the  light  comes  from  an 
angle  of  45'  to  the  left,  or,  in  other  words,  from  the  upper 
left-hand  comer  of  the  map;  the  northwest  corner  (Figs.  136, 
138,  and  143)  and  the  high  lights  are,  therefore,  those  which 
arc  tangent  to  this  direction. 

Two  effective  methods  of  representing  relief  which  are 
most  useful  in  sketching  in  the  field  on  a  plane-table  board 
are: 

I,   By  means  of  sketch  or  broken  contours;  and 

2-  By  means  of  crayon  shading* 

Sketch  contours  have  the  general  form  of  continuous  con^ 
tour  lines  and  represent  the  slopes  in  plan  pictorially.      They 
also  give  differences  of  altitude  relatively,  but  the  quantity 
of  relief  is  not  accurate  over  any  great  space  on  the  map, 
(Figs,  15,  23,  and  137).     When  the  final  drawing  is  made  ta 
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office  from  such  a  sketch  map,  the  altitudes  which  have  been 
determined  everywhere  give  points  upon  which  connected 
contour  lines  can  be  constructed  by  following  the  forms  in- 
dicated by  the  sketch  contours. 

Ctayan  or  triah  shading  bears  about  the  same  relation  to 
Eichure  drawing  as  do  sketch  contours  to  continuous  contour 


Fiii.  137. — Sketch  Contours.     Xalapa.  Mexico. 

lines*  By  the  means  of  a  soft  crayon  or  pencil  the  shapes 
and  steepness  of  slope  of  the  terrane  can  rapidly  be  repre- 
sented in  the  field.  and»  if  it  is  desired,  the  same  can  afterwards 
be  worked  up  into  a  finished  hachure  map,  or,  providing  ele- 
vations are  sufficiently  abundant,  into  a  contour  map* 

192.  Contour  Lines- — ^In  order  to  represent  the  terrane 
quantitatively,  that  is,  to  show^  not  only  the  slopes  and  shapes 
of  the  country  and  the   relative  steepness  of  the  hills,   but 
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also  amounts  and  differences  in  devatioti  at  any  point,  a 
system  of  map  construction  is  employed  calkd  contounng. 
Cotitaur  lines  are  lines  of  equal  elevation  above  some  datum 
as  the  mean  sea-level.  They  are  drawn  at  rc^Iar  vertical 
intervals^  their  distances  apart  being  depetidenl  upon  the 
horizontal  scale  of  the  map,  and  they  thus  indicate  not  only 
actual  differences  of  elevation,  but  degrees  of  steepness  or 
grades. 

Contour  lines  cxpre:is  three  degrees  of  relief: 

1 .  Elevation ; 

2.  Horizontal  form; 

3.  Degree  of  slope. 
The  manner  in  which  they  express  these  is  inustratcd 

the  following  perspective  view  and  contour  sketch  (Fig.  139), 
taken  from  the  explanatory  text  accompanying  the  atlases  of 
the  U.  S.  Geological  Survey. 

The  sketch  represents  a  valley  between  two  hills.  In  the 
foreground  is  the  sea  with  a  bay  which  is  partly  closed  by  a 
hooked  sand-bar  On  either  side  of  the  valley  is  a  terrace; 
from  that  on  the  right  a  hill  rises  gradually  with  rounded 
forms,  whereas  from  that  on  the  left  the  ground  asccncb 
steeply  to  a  precipice  which  presents  sharp  corners.  The 
western  slope  of  the  higher  hill  contrasts  with  the  eastern  by 
its  gentle  descent.  In  the  map  each  of  these  features  is 
indicated,  directly  beneath  its  position  in  the  sketch,  by 
contours.  The  following  explanation  may  make  clearer  the 
manner  in  which  contours  delineate  lieight.  form^  and  slope: 

I.  A  contour  indicates  approximately  height  above  sea- 
level:  in  this  illustration  the  contour  interval  is  50  feet; 
therefore  the  contours  occur  at  50,  !00,  150,  200  feet,  and  so 
on,  above  sea-level.  Along  the  2  50-foot  contour  lie  all 
points  of  the  surface  250  feet  above  sea;  and  so  with  any 
other  contour.  In  the  space  between  any  tivo  contours  occur 
all  elevations  above  the  lower  and  below  the  higher  contour. 
Thus  the  contour  at  150  feet  falls  just  below  the  edge  of  the 
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Fig.  138.— Relief  by  Crayon  Shading* 
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terrace,  while  that  at  200  feet  lies  above  the  terrace;  there- 
fore all  points  on  the  terrace  are  shown  to  be  more  than  150 
but  less  than  200  feet  above  sea.  The  summit  of  the  higher 
hill  is  stated  to  be  670  feet  above  sea;  accordingly  the  con- 
tour at  650  feet  surrounds  it.      In  this  illustration  nearly  all 


Fig.  139,— Contour  Sketch. 
e   contours    are  numbered.      Where    this   is   not   possible^ 


Ih 
ertain  contours,  as  every  fifth,  are  made  heavy  and  are  num- 
bered: the  heights  of  others  may  then  be  ascertained  by 
counting  up  or  down  from  a  numbered  contour. 

2.  Contours  define  the  horizontal  forms  of  slopes:  since 
contours  are  continuous  horizontal  lines  conforming  to  the 
surface  of  the  ground,  they  wind  about  the  surfaces,  recede 
into  all   re-entrant   angles  of   ravines,   and  define  all    promt- 
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nences.  The  relations  of  contour  characters  to  forms  of  the 
landscape  can  be  traced  in  the  sketch  and  map. 

3.  Contours  show  the  approximate  grade  of  any  slope: 
the  vertical  space  between  two  contours  is  the  same  whether 
they  lie  along  a  cliff  or  on  a  gentle  slope ;  but  to  rise  a  given 
height  on  a  gentle  slope  one  must  go  farther  than  on  a  steep 
slope.  Therefore  contours  are  far  apart  on  the  gentle  slopes, 
and  near  together  on  steep  ones. 

193.  Contour  Construction. — In  representing  on  a  map 
the  relief  or  configuration  of  the  surface  of  the  land  by  means 
of  contour  lines  two  objects  are  to  be  kept  constantly  in 
mind. 

1.  The  contour  lines  must  be  so  constructed  as  to  always 
maintain  with  accuracy  relative  and  absolute  elevations. 

2.  They  must  be  so  drawn  as  to  give  a  distinct  picture  of 
the  shapes  of  the  country  as  though  viewed  from  a  consider- 
able altitude  above  the  surface. 

Contour  lines  are  actual  mathematical  horizontal  projec- 
tions, to  a  given  scale,  of  the  intersection  of  the  surface  of  the 
tcrrane  by  imaginary  horizontal  planes.  Moreover,  these 
imaginary  planes  are,  for  any  given  map,  accepted  as  being  at 
equal  and  uniform  vertical  distances  apart. 

Contour  lines  arc  drawn  during  the  processes  of  eye 
"  skctchin^r "  <  i^'ig.  139)  by  making  an  imaginary  projection 
in  pJan  of  numerous  sections  through  the  hill  viewed.  This 
is  illustrated  in  Fig.  1 40,  which  represents  a  section  through 
a  hill  and  indicates  [[^graphically  the  manner  in  which  the  con- 
tours are  projected.  Each  individual  contour  line  is  the  pro- 
jection of  the  intersection  of  the  horizontal  plane  through  the 
hill.  In  Icarniiii^  to  sketch  contours  the  topographer  will  do 
well  at  first  to  keep  in  mind  clearly  this  form  of  construction, 
and  wherever  in  doubt  as  to  the  mode  of  representing  any 
feature  he  should  construct  a  profile  sketch  of  it,  draw  hori- 
zontal section  lines  throuLdi  it  and  project  them  in  plan. 
In  this  manner  he  will   soon   learn   to   mechanically  perform 
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lis  operation  in  imagination,  and  later,  as  his  skill  develops, 
"will  draw  contour  lines  without  performing  any  intermediate 
mental  operations. 


^st; 


Fig.  140,— Contour  Projection. 

194.  Hacbures. — Hachuring  is  a  conventional  method  of 
representing  the  relief  of  a  country  by  shading,  in  short  dis- 
connected lines,  in  such  manner  as  to  indicate  its  slopes  and 
relative  steepness.  The  distance  apart  of  the  lines,  their 
weight  or  thickness,  and  accordingly  the  degree  of  density 
which  they  prpduce  on  the  map  give  qualitative  and  not 
quantitative  results.  These  lines  are  of  varying  lengths,  and 
are  drawn  in  the  direction  of  the  slopes  and  in  such  manner 
as  to  horizontally  encircle  them  in  bands,  and  the  width  of 
these  is  intended  to  represent  equal  vertical  heights. 

In  order,  therefore,  to  construct  a  hachure  map  it  is  neces* 
sary  to  sketch  approximate  contour  lines  (Fig.  141)1  the  dis- 
tance between  any  two  of  these  representing  approximately  a 
xed  vertical  distance.     Between  these  contour  lines  and  at 
ight  angles  to  them  are  drawn  the  hachure  lines,  the  contours 
being  only  penciled  in  and  the  hachures  inked  so  that  ultimate- 
,*  the  contour  lines  disappear.     The  hachure  lines,  as  already 
stated,  are  not  made  continuous,  but  rest  on  the  horizontal 
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or  contour  cunrcsj  which  are  thus  indicated  by  the  tennini  of 
the  hachurc  lines.  In  kackurmg  a  map  the  foUowing  general 
directions  are  suggested: 

Commence  with  the  lighter  slopes  in  the  lightest  line,  in 
order  that  the  intensity  of  the  tint  may  be  increased  with 
more  regularity.     (Fig,  141.)     When  the  projections  of  the 


Fig.  141-— HACHritm  Co?isTitacTiON, 

horizontal  sections  or  contours  are  parallel  the  hachures  are 
at  right  lines  normal  to  both  curves,  but  when  they  are  m 
parallel  the  hachures  radiate,  their  extremities  being  respe 
tively  normal  to  the  curves  at  which  they  terminate.    Hachures 
are  in  sections  or  bands  which  should  not  be  continuous  wti 
the  adjoining  ones»   but  should  terminate  in  the  spaces 
tween  them,  thus  accentuating  the  contour  lines  without  in| 
ing  them.     When  the  slope  suddenly  becomes  abrupt   ti 
tint  must  be  deepened  by  increasing  the  width  of  the  hachuf 
near  the  extremities  or  by  interpolating  short  lines  betwcc 
the  original  hachures.      Hachures  are  made  shorter  and  wid^ 
for  steep  slopes,  and  arc  lenghtened  and  narrowed  as  the  in- 
clination decreases. 
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The  first  principle  upon  which  hachures  are  constructed  is 
that  the  steeper  the  slope  the  less  light  is  received  in  the  in- 
verse ratio  of  its  length.  Various  methods  of  expressing  the 
Jegree  of  shade,  or  the  m/Zt?  0/  black  to  whitt\  have  been 
iopted  by  various  draftsmen.  The  Enthoffer  or  American 
method  is  to  indicate  the  degree  of  slope  by  varying  the  dis- 
tance between  the  hachure  lines,  the  distance  between  the 
centers  of  lines  to  be  *03  of  an  inch  plus  one-fourth  of  the 
denominator  of  the  fraction  denoting  the  declivity,  expressed 
in  hundredths  of  an  inch.  The  lines  are  accordingly  made 
heavier  as  the  slope  is  steeper,  and  finer  for  gentle  slopes,  in- 
creasing in  width  until  the  blank  spaces  between  them  equal 
one-half  the  breadth  of  the  lines.     (Fig.  142.)     The  German 


Fig.  142.— Shaded  Hachures. 

^r  Lehmann's  method  consists  in  using  nine  widths  of  lines 
for  slopes  from  zero  to  45°,  the  first  being  white  and  the  last 
black.  For  the  intermediate  slopes  the  proportion  of  white 
black  is  as  45°  minus  the  angle  of  slope  is  to  the  angle 
\{  slope.  Steeper  slopes  than  45 '^  are  represented  by  shorty 
heavy  lines,  parallel  to  the  contour  lines. 

19s  Conventional    Signs. — Various    conventional   signs 
"^re    employed    in    topographic   drafting   to   represent    roads, 
houses,    woods,    marshes,    the    shapes    of    hills,    etc.     These 
signs  may  be  divided  into  three  general  classes: 

I.   Signs  to  represent  culture  or  the  works  of  man. 


J 


464  TOPOGRAPHIC  DRAIVING. 

2.  Signs  to  represent  hydrography  or  water. 

3.  Signs  to  represent  hypsography  or  relief. 

In  the  making  of  a  geographic  map  or  of  a  topographic 
map  for  the  use  of  a  government  or  State,  only  such  culture 
should  be  represented  as  is  of  a  permanent  or  public  nature. 
This  includes  all  highways^  bridges,  railways,  political  bound- 
ary lines,  and  houses.  (Figs.  144  and  145.)  Though  the 
latter  arc  not  of  a  public  nature,  yet  they  are  comparatively 
permanent  and  are  prominent  topographic  features. 

For  purposes  of  legibility  in  deciphering  a  map  it  is 
desired  to  use  various  colors  in  representing  different  features, 
and  the  color  scheme  selected  by  the  U.  S.  Geological  Sur- 
vey, which  is  one  of  the  best,  employs  ^i)  black  for  all  culture 
and  lettering;  (2)  blue  iox  hydrography;  and  (3)  brawm  for 
surface  relief. 

In  the  representation  of  hydrography^  or  water  forms, 
conventional  signs  must  be  adopted  (Fig.  146)  for  streams, 
lakes,  marshes,  canals,  glaciers,  etc. 

For  the  representation  of  hypsography^  or  surface  relief, 
conventional  signs  must  be  adopted  (Fig.  147)  for  the  repre- 
sentation of  slopes,  by  means  of  contours  or  hachures,  with 
separate  symbols  to  indicate  depressions  of  the  surface,  also 
sand-dunes,  cliffs,  etc. 

In  addition  to  the  above  conventional  signs  used  in  depict- 
ing public  culture  and  the  more  usual  topographic  forms,  a 
great  variety  of  signs  are  used  to  represent  minor  forms,  as 
lighthouses,    mines,    quarries,    churches,    different    kinds    of 
houses,  as  barns,  private  residences,  mills,  also  to  represent 
different   kinds  of  woods   and    cultivated   fields.     These   are 
described   and    illustrated    in    various   works    on    topographic 
drawing.      The  only  one  of  these  of  importance  which  may 
be  further  characterized  here  are  liHwds,  and  for  these  conven- 
tional signs  may  be  adopted  to  indicate  the  wooded  character 
of  the  country,  or,  better,  a  light  green  tint  may  be  washed 
over  the  wooded  portion  of  the  map. 
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196.  Lettering. — As  with  conventional  signs,  so  with 
lettering.  Various  books  are  published  describing  the  mode 
of  constructing  different  kinds  of  letters.  It  is  desirable 
here»  therefore,  only  to  give  a  general  outline  of  the  princi- 

les  on  which  topographic  lettering  should  be  executed, 
iters  used  in  describing  different  topographic  forms  may  be 

ivided  into  four  corresponding  classes,  and  there  should  be, 
therefore,  as  many  different  styles  of  letters.  Those  preferred 
by  the  author  and  shown  in  Fig,  148  consist  of — 

1.  Roman  letters  of  various  sizes  for  the  names  of  civil 
and  political  divisions,  as  cities,  States,  etc. 

2.  Italic  and  script  letters  of  various  sizes  for  the  names 
of  hydrographic  features,  as  lakes,  rivers,  etc. 

3.  Vertical  block  of  various  sizes  to  represent  hypsographic 
features,  as  mountains,  plateaus,  valleys,  etc. 

4.  Slanting  block  to  represent  public  work,  as  railroads, 
trails,  etc, 

197,  Draftings  Instruments. — ^It  is  not  deemed  desirable 
;o  describe  m  detail  the  various  instruments  commonly  used 

topographic  drawing.  These  can  be  found  fully  described 
in  catalogues  of  instrument-makers  and  in  works  on  mechanical 
and  topographical  drawing,  lettering,  etc.  A  few  instruments, 
however,  w^hich  are  less  common  and  which  are  peculiarly 
serviceable  to  the  topographic  draftsman  will  be  briefly 
characterized. 

The  pantograph  is  a  parallel  linked-motion  apparatus  for 
enlargement  or  reduction  of  maps.  It  is  of  occasional  assist- 
ance in  the  reduction  or  enlargement  of  compiled  map  material, 
and  is  constructed  on  the  theory  of  parallelograms.  (Fig.  149.) 
The  pantograph  is,  however,  a  comparatively  inaccurate 
instrument  because  of  the  great  play  between  the  various 
parts.  If  accuracy  is  attempted,  none  but  the  most  expensive 
and  heavily  constructed  instruments  should  be  used.  There 
is  an  inconvenient  variety  of  combinations  in  the  adjustment 
and  use  of  this  instrument.     The  essentials  are  that  the  fixed, 


478 


TOPOGRAPHiC  DKAWIS'G. 


the  tracing,  and  the  copying  points  shall  lie  in  a  straight  line 
on  at  least  three  sides  of  the  jointed  parallelogram. 

Two    very    useful    instruments    to    the    topographer    arfil 
proportional  dividers   and    thrcc-Ugged  dividers,    the   first  on 
which  is  very  serviceable  in  the  reduction  or  enlargement  of 
small  portions  of  maps,  and  the  second  in  transferring  work 


Fir,.  i4g. — Pantograph. 

from  one  map  to  another.  In  this  operation  two  of  the  legs 
are  set  on  fixed  points  common  to  both  maps,  as  the  inter- 
sections of  projection  lines,  and  the  third  is  used  as  a  pointer 
to  transfer  the  position  desired.  This  instrument  is  especially 
useful  in  the  transferring  and  adjustment  of  lines  from  the 
traverse  sheets  (Fig.  2)  to  the  sketch  sheets  on  which  they 
are  to  be  adjusted  to  the  triangulation  positions  (Fig.  3). 

For  the  construction  of  projections  the  topographer  needs 
a  first-class  beam  compass  and  an  accurately  graduated  steel 
scale.  The  ordinary  triangular  boxwood  scale  is  well  gradu- 
ated and  is  useful  in  the  projection  of  very  small  scale*maps; 
but  for  larger  ones  a  long  steel  scale,  preferably  divided  to 
the  scale  of  the  map  worlc»  will  give  much  more  satisfactory' 
results. 

The  use  of  vernier  protractors  is  fully  described  in  Article  89, 
while  plane-table  paper  and  like  accessories  are  discussed  in 
Chapter  VIIL 

198*  Model  and  Relief  Maps. — Relief  maps  are  of  two 
general  kinds: 

i.  The  model,  which  is  not  a  map  in  that  it  has  three 
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dimensions^  is  bulky »  and  cannot  be  inserted   in  atlases  or 
books;  and 

2,   The  reproduction  of  tlie  model  by  some  photo-mechan- 
^jcal  process  which  results  in  a  print  in  map  form  of  the  model. 
^B      Alodds  have  certain  striking  advantages  over  maps  of  all 
^Kinds,  because  they  represent  graphically  the  surface  relief  in 
a  manner  superior  to  that  of  hachure  or  shaded  contour  maps, 
^besides  which  they  represent  quantitatively  the  relative  relief 
^■n  a  more  simple  and  legible  manner  than  do  contour  maps. 
^H       There  are  two  general  varieties  of  models: 
^^       I.   Those  in  which  surface  slopes  are  smoothed  out  in  such 
manner  as  to  practically  represent  the  surface  of  the  country 
as  it  appears  in  nature,  and  which,  while  possessing  inertly 
relative  relief,  lack  the  element  of  absolutely  quantitative  relief 
possessed  by  contour  maps;  and 

2.  Those  in  which  the  slopes  are  represented  by  steps, 

each  of  which  is  a  contour  interval  apart  on  some  scale;  and 

while  this  does  not  imitate  nature  as  exactly  as  the  first  form, 

^it  possesses  an  absolute  quantitative  element  which  makes  it 

^Buperior  for  many  purposes, 

^F      Models  are  of  especial  value   for  educational  purposes,  in 
"teaching  those  who  are  not   familiar  with  maps  something  of 
■     geography  which  Hiey  would  not  appreciate  by  looking  at  the 
^■at  surface  of  a   map.     They  are  nature   in   miniature.      In 
addition  they  have  great  economic  value  to  the  mining  engi- 
neer and  the  geologist :    to  the  former  in    obtaining  a  true 
appreciation  of  the  differences  in   level  and  direction  of  the 
numerous  shafts  and  tunnels  which  permeate  the  ground  in 
^^be  mining  districts;  to  the  latter  because  many  important 
^•tructural  features  and  relations  are  presented  to  the  eye  at   a 
glance,  and  because  both  the  surface  topography  and  its  rela- 
tion to  the  underground  topography  are  brought  together  in 
their  proper  relationship.      For  exhibition  purposes  they  are 
unsurpassed  in  that  they  possess  the  quality,  next  best  to  that 
of  moving  objects,  which  catches  the  attention  of  the  beholder 
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and  attracts  him  to  a  further  study  of  the  subject  represented 
ill  a  way  which  no  map  can. 

Relief  maps  possess  numerous  advantages  over  hachure  or 
contour  maps  chiefly  because  they  give  a  more  graphic  idea 
of  the  surface  relief  than  can  be  had  from  any  artificial  method 
of  map  construction.  They  are  made  by  photographing  a 
model  which  is  set  up  in  such  manner  as  to  get  the  proper 
lighting,  that  which  will  bring  out  lights  and  shadows  most 
effectively.  For  the  successful  reproduction  of  a  relief  map 
it  is  essential  that  the  model  should  not  be  colored  and  its 
surface  should  be  dull,  not  glossy;  there  should  be  a  slight 
yellow  tint  in  the  material  composing  it,  the  effect  of  which 
is  to  produce  a  smoother,  more  subdued  lighting  and  shading, 
and  to  do  away  with  the  glaring  high  lights  coming  from  a 
white  model.  (Fig.  150.)  Relief  maps  can  be  given  certain 
quantitative  values  if  they  are  reproduced  from  contour 
models  (Fig.  151),  and  they  may  be  given  certain  further 
values  by  simple  lettering  in  black. 

The  groundwork  for  the  construction  of  a  model  is  a  good 
contour  map,  in  addition  to  which  the  modeler  should  possess 
a  fair  knowledge  of  the  topography  of  the  country*  obtained 
by  personal  inspection,  and  he  should  have  at  hand  good 
^hachured  maps  and  photographs  w^hich  will  aid  him  in  inter- 
preting the  topographic  forms.  It  is  the  personal  expres- 
sion that  is  brought  into  a  model,  by  the  appreciation  of 
the  country  obtained  from  a  knowledge  of  it,  which  results 
in  the  difference  between  a  good  and  a  bad  model  of  the 
same  region  as  produced  by  two  modelers  from  the  same  data. 
The  treatment  of  the  vertical  or  relief  element  required  to 
represent  the  individuality  of  a  given  district  is  especially  im- 
portant. 

199.  Modeling  the  Map^ — The  amount  of  relief  to  be 
given  a  model,  that  is,  the  amount  of  exaggeration  in  vertical 
scale  as  compared  with  the  horizontal,  is  a  question  of  great 
importance.     The  tendency  is  always  to  exaggerate  the  ver- 
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eleinent  too  much,  the  result  of  which  is  to  produce  a 
effect  by  diminishing  the  proportionate  width  of  valleys, 
thus  making  the  country  seem  more  rugged  and  mountainous 
than   it  is.      Another  effect  is  to  make  the  area  of  the  region 
represented  appear  small,  all  idea  of  the  extent  of  the  country 
being  lost,     Messrs.  E.  E.  Howell  and  Cosmos  Mindeleff,  of 
Washington,    D.  C,   two  of   the    most    expert    modeUmap- 
makers.  agree  that  it  is  almost  impossible  under  most  circum- 
stances to  use  too  low  relative  relief.     Mr.  Mindeleff  says  that 
on  a  scale  of  six  inches  to  a  mile  no  exaggeration  at  all  is 
^^cessary,  the  ratio  of  vertical  to  horizontal  scale  being  as 
^^o  I .     For  smaller  scales  than  this  the  vertical  exaggeration 
,  may  be  2  to  1  or  3  to  i.      He  says  further  that  **the  absolute 
and   not    the   relative   amount  of    relief   is   the   desideratum. 
For  small-scale  models  I  have  found  half  an  inch  uf  absolute 
relief  ample.'*       In  a  very  handsome  model  of  the    United 
States,  made  by  Mr,  Mindeleff,  a  proportion  of    10  to   I  was 
used,  but  it  is  believed  from  the  appearance  of  the   resulting 
model  that  6  to   1   would   have  been  even   more  satisfactor>\ 
Some  of  the   most  effective   of  recent   models  are  made  to 
f   natural  scale,  i.e.,  without  any  exaggeration  of  vertical  scale. 

■|ig^  1 50*) 

^^    For  the  making  of  model  maps  1  number  of  methods  have 

been  employed*  the  majority  of  which  are  so  crude  or  so  in- 
I  ferior  to  the  better  methods  as  to  call  for  scant  recital  here. 

One   of  the  first   employed  consists  in  drawing  cross-section 
•    lines  at  regular  intervals  over  a  contoured  map,  and,  if  the 

topography  is  intricate,  corresponding  lines  at  right  angles. 

i  These  sections  are  transferred  to  thin  strips  of  cardboard  or 
similar  material  and  cut  down  to  the  surface  line,  thus  form- 
ing the  cross-section.  These  arc  mounted  on  a  suitable  base- 
'  board  and  the  cavities  between  them  filled  in  with  plaster  or 
^■px  or  other  easily  worked  material.  The  topography  is  then 
pVftrved  down  to  the  form  of  the  country  as  indicated  by  the 
upper  edges  of  the  strips.    This  method  is  crude  and  laborious. 
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Where  no  contour  map  is  oUmiMoUe  as  a  base  aild  die 
known  elevations  are  few  and  scattered,  one  of  the  simidest 
methods  of  producing  a  model  map  is  by  driving  pins  into  a 
base-board,  each  to  a  height  corresponding  to  the  devatioa 
of  the  point  it  represents.  The  map  is  then  built  up  in  wax 
or  moist  clay  by  laying  this  on  the  base^board  and  bringing 
it  up  to  the  level  of  the  summits  of  the  pins,  and  then  woik- 
ing  in  the  details  of  the  map  by  practically  sketching  it  in  as 
a  sculptor  would,  following  a  hachure  or  other  map  of  the 
country  as  a  guide. 

Another  method,  practically  the  converse  of  that  last 
described,  may  be  satisfactorily  employed  where  the  nmp 
material  is  scanty.  A  tracing  of  the  map  enlarged  to  the 
required  size  is  mounted  on  a  frame.  Another  but  deeper 
frame,  large  enough  to  contain  the  mounted  tracing,  is  made 
and  laid  upon  a  suitable  base-board,  upon  which  is  mounted  a 
copy  of  the  map.  Upon  this  base-board  the  model  is  then 
built  up  in  clear  wax,  the  low  areas  first.  Horizontal  control 
is  obtained  by  pricking  through  the  mounted  tracing  with  a 
needle-point,  and  vertical  control  by  measuring  down  with  a 
straight-edge,  sliding  on  the  top  of  the  deep  frame. 

Model  maps  are  sometimes  made  by  carving  or  cutting 
down  instead  of  modeling  or  building  up^  a  solid  block  of 
plaster  being  used,  and  this  being  carved  down  so  as  to 
produce  a  series  of  steps  similar  to  those  made  by  building 
up  contours. 

The  best  and  most  modern  method  of  making  map  models 
is  that  now  more  generally  employed  by  the  professional 
model-makers.  This  consists  of  building  up  the.  model  and 
modeling  instead  of  carving  the  detail.  The  ratio  of  relief 
or  vertical  to  horizontal  scale  having  been  determined,  thin 
cardboard  or  wooden  boards  are  procured  of  the  exact  thick- 
ness of  the  contour  interval  which  the  modeler  proposes 
usin^.  He  then  takes  a  contour  map,  enlafged  or  reduced, 
as  the  case  may  be,  to  the  scale  of  his  model  and  traces  on 


DUPLICATING    THE  MODEL  BY  CASTING. 


48S 


he  boards  the  outlines  of  each  separate  contour.  Then  with 
I  knife,  scissors  or  scroll-saw,  following  the  contour  line  on 
he  board,  he  cuts  out  each  contour  and  lays  each  of  these 
lytlinc  contour  boards  one  upon  the  other,  thus  building 
hem  up  in  steps,  the  height  of  each  of  which  bears  the 
^per  relation,  because  of  the  thickness  of  the  material,  to 
he  vertical  scale.  The  result  is  a  completed  model  in  steps. 
The  re  entrant  angles  of  the  steps  arc  then  filled  in  with 
nodeling  clay  or  wax  or  some  similar  substance,  so  as  to 
produce  a  smooth  outline. 

The  best  material  for  madeling  is  w^ax;  but  if  much 
rtodehng  material  is  to  be  used,  clay  may  be  kept  sufficiently 
noist  to  be  worked-  Some  modelers  find  clay  mixed  witli 
;Iycerine  instead  of  water  w^orks  most  satisfactorily,  because 
t  does  not  dry.  The  filling-in  process  is  the  most  important 
n  the  making  of  a  model  map,  for  in  this  the  modeler  must 
how  his  knowledge  of  and  feeling  for  topographic  forms, 
n  the  interpretation  of  not  only  such  hachured  and  other 
naps  as  he  has  to  guide  him,  but  of  the  country,  if  he  has 
:xamined  it  as  he  should, 

200.  Duplicating  the  Model  by  Casting. — The  model 
csulting  from  the  above  operations  is  practically  the  base 
»nly  of  the  completed  model  map.  It  is  the  common  prac 
ice  to  make  a  replica  by  taking  from  the  first  a  mould  zvith 
^lasUr  of  Paris  ^  2L.T\d  from  this  2i  plasttr  cast.  The  common 
nistake  is  made  of  making  a  solid  cast  by  filling  in  a  frame 
vhich  has  been  built  around  a  model,  the  result  being  so 
leavy  and  cumbersome  as  to  be  of  little  use.  The  best 
nodelers  say  that  it  is  wholly  unnecessary  to  make  a  cast 
v^hich  is  more  than  i  or  ij  inches  in  thickness  of  plaster. 
This  is  procured  by  incorporating  in  the  plaster  tow  or  bag- 
ging or  netting  of  various  kinds,  the  result  being  to  make  the 
ast  light  and  strong,  though  the  expense  is  slightly  in- 
rcased.  Such  casts  can  be  readily  and  even  roughly  handled 
rithout  breakage. 
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In  making  the  final  casting  from  the  mould  the  process  is 
repeated.  The  model  for  the  making  of  the  mould  or  the 
latter  for  the  after-process  of  casting  should  not  be  varnished, 
as  the  finer  details  are  thus  lost.  The  mould  should  be  pre- 
pared with  a  solution  of  soap,  so  that  nothing  is  left  on  the 
surface  but  a  thin  coat  of  oil,  which  is  taken  up  by  the  plaster 
of  the  cast.  With  care  and  skill  a  cast  may  be  thus  pro- 
duced which  is  but  little  inferior  in  point  of  sharpness  to  the 
original  model. 

The  plaster  model  being  completed,  only  such  little  paint- 
ing of  names  and  places  as  may  be  necessary  to  make  it 
intelligible  should  be  done  before  photographing  for  the  pro- 
duction of  the  relief  map,  after  which  it  may  be  colored  as 
desired  to  represent  any  other  subject  and  varnished.  (Fig. 
150.) 

Other  materials  than  plaster  of  Paris  have  been  used  for 
making  models.  Some  modelers,  after  cutting  the  wooden 
contours  and  fitting  these  together  with  wooden  pegs,  carve 
away  the  steps  left  by  the  contours  with  graver's  tools. 
This  is  an  exceedingly  laborious  and  difficult  process,  and 
the  rcsultin^^  model  lacks  expression  and  looks  as  wooden  a*i 
the  material  from  which  it  is  made.  Many  efforts  have  been 
made  to  use  i)ai)ier  mache,  but  owing  to  the  distortion  and 
warjiin^  in  this,  because  of  the  var\'ing  degrees  of  moisture 
in  the  atmosi)]iere  and  the  material  itself,  no  success  has  as 
yet  attended  its  u^^e. 

The  form  of  model  used  in  depicting  underground  work- 
ini^s  in  a  mine  i>  by  making  a  skeleton  viodel  of  cardboard 
and  ^dass.  A  rectangular  box  of  glass  is  made  of  such  size 
to  scale  as  to  include  the  cubic  contents  to  be  modeled.  In 
tliis  are  ^lued  or  suspended  by  wires,  etc.,  painted  sheets  of 
cardboard  .it  such  inclination*^  as  to  graphically  represent  the 
various  tunncN,  shafts,  etc.,  or  the  ore-bearing  strata,  as^ 
desired. 

A    very    effective    form    of    model    is    made    by    pasting 
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together /a/rr  contours.  Fig.  151  shows  such  a  model,  made 
by  taking  the  printed  sheets  of  the  U.  S.  Geological  Survey 
20-foot  contour  map  of  the  area  depicted.  One  sheet  had 
to  be  taken  for  each  contour  interval,  and  in  all  30  to  50 
sheets  were  used.  The  modeler  followed  carefully  with 
scissors  each  contour  line,  and  then  superimposed  each  sheet 
on  the  next  lower.  By  having  printed  paper  bearing  a  fixed 
relation  in  thickness  to  the  contour  interval  an  exact  quanti- 
tative reproduction  of  each  20-foot  contour  in  nature  is 
obtained. 
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PART  V. 
TERRESTRIAL  GEODESY. 


CHAPTER    XXI. 
FIELD-WORK  OF   BASE   MEASUREMENT. 

201.  Geodesy. — Geodesy  has  been  defined  as  a  system  of 
the  most  exact  land  measurements,  extended  in  the  form  of  a 
triangulation  over  a  great  area,  controlled  in  its  relation  to 
the  meridian  by  astronomic  azimuths  computed  by  formulae 
expressed  in  the  dimensions  of  the  spheroid,  and  placed  \v\ 
its  true  position  on  the  surface  of  the  earth  by  astronomic 
latitudes  and  differences  of  longitude  from  an  established 
meridian. 

Geodesy  in  its  most  general  sense  may  be  more  briefly 
defined  as  the  solution  of  problems  which  are  conditioned  by 
considerations  of  the  figure  and  dimensions  of  the  earth. 
Those  particular  problems  which  occur  in  plane  and  topo- 
graphic surveying  are  solved  without  regard  to  the  form  of 
the  earth.     (Art.  52.) 

Geodetic  operations  include,  in  the  order  given : 

1.  The  determination  of  the  exact  length,  by  measure- 
ments reduced  to  mean  sea-level,  of  a  line  several  miles  in 
length,  which  is  the  base  line  of  the  triangulation ; 

2.  The  determination  of  the  latitude  and  longitude  of  one 
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end  of  the  base  line  and  of  the  azimuth  of  the  line  by  asti 
nomic  observations; 

3.  The  expansion  of  the  base  by  triangulation  exectitcd 
with  theodoHte;   and 

4.  The  computation  of  the  triangulatfon,  whereby 
geodetic  coordinates  of  each  of  the  trigonometric  points 
determined. 

To  these  may  be  added : 

5.  The  measurement  and  computation  of  geodetic  co- 
ordinates of  controlling  points  upon  a  route  traverse,  adjusted 
or  reduced  to  one  or  more  astronomic  positions. 

One  of  the  primary  objects  of  geodetic  aperatwns  is  to  fur- 
nish data  for  the  exact  reference  of  a  topographic  map  to  its 
corresponding  position  upon  tlie  surface  of  the  earth. 

This  consists  of  the  measurement  of  a  base  line  (Art.  202), 
which  is  an  arbitrary  distance  upon  the  surface  of  the  earth, 
to  which  the  remaining  surveyed  positions  may  be  referred  in 
standard  units,  as  meters  or  miles.     Also  the  determinati 
of  the  astronomic  position  upon  the  earth's  surface  (Part  V, 
of  some  initial  point  on  this  line,  and  its  azmtutk^  that  it  ma] 
be  platted  in  correct  relation  upon  the  map. 

Geodetic   operations   are   also   executed   for  the   purpo; 
of   checking    astronomic    positions    determined    by    system 
of   primary   triangulation    or   traverse    extended    from    some 
point  the  geodetic  coordinates  of  which   have  been  aireadfj 
determined. 

Astronomic  checks  on  the  quality  of  geodetic  triangulatiol 
by  a  single  determination  of  astronomic  position  are  far  less 
accurate  than  the  positions  obtained  and  computed  by  trigo- 
nometric operations.      It  is  unnecessary^  however,    to  intro-^j 
duce  astronomic  checks  upon  primary  triangulation  at  fre^H 
quent  intervals,  though  these  should  be  sufficiently  numerous^^ 
to   eliminate   station    error*     The    positions    determined   b; 
primary  triangtiiation  (Chap.  XXV)  are  not  likely  to  be  ii 
error  by  amounts  larger  than  those  introduced  by  astronom 


ne 

t 


BASE  MEASVREMENT, 


497 


^. 


observation  after  the  triangulation  has  been  extended  a  dis- 
tance of  150  to  250  miles.     Therefore  a  system  of  primary 
triangulatton  should  be  checked  by  astronomic  obser\'ation 
^t  intervals  not  greater  than  this. 

Primary   traverse   is    far  more    liable    to   errors   than   is 
primary    triangulation,    because    of   the    greater   number   of 
courses    sighted    and    the    consequent    opportunity    for   the 
accumulation  of  error  both  in  angular  and  in  distance  meas- 
urement.     Primary  traverse   (Chap.  XXIII)   must  therefore 
■^e   more   frequently   checked  by   astronomic   determination, 
^■ind  such  checks  should  not  exceed  100  miles  apart. 
^P      Whereas  primary  triangulation  and  primary  traverse  may 
be  executed  with  various  degrees  of  accuracy,  according  to 
^^he  distance  to  which  a  system  of  such  control  is  to  be  propa- 
Hfrated   and  according  to   its    objects,   astronomic   determina- 
tions should  be  of  the  highest  order  of  accuracy.      Only  the 
most  refined  instruments  and  methods  known  to  science  for 
use   in   the  field   and   in    permanent   observatory  work   give 
j      results  of  sufficiently  high  quality  to  fulfill  their  purposes* 
^p      202*  Base  Measurement^^The  selection  of  a  site  for  a 
^^base  line  is  the  first   step  towards  the  making  of  a  trigono- 
metric survey,  and  on  its  proper  selection  depends  much  of 
the  quality  of  the  subsequent  work  of  triangulation. 
^K       1.  The  site  should  be  reasonably  level; 
^^       2,   It  should  afford  room  for  a  base  from  4  to  8  miles  in 
1      length; 

^P  3.  Its  ends  must  be  intervisible  and  so  situated  as  to  per- 
mit of  the  expansion  of  a  system  of  primary  triangulation 
I  which  will  form  the  best-conditioned  figures. 
The  degree  of  accuracy  with  which  the  base  measurement 
is  to  be  made  depends  upon  the  uses  to  which  the  resulting 
triangulation  is  to  be  put. 
I.  If  intended  for  geodetic  purposes,  the  measurement 
must  be  made  with  the  greatest  attainable  precision. 

If  intended  only  as  a  base  for  the  expansion  of  triangu- 
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lation  over  a  comparattvely  limited  area  and  for  the  making^ 
of  a  topographic  map«  this  mcasuremeitt  should  be  made  only 
mith  such  care  as  will  attain  an  accurac)^  such  that  its  errors 
will  not  affect  the  map«  although  multiplied  in  the  resulting 
triangu lation  as  many  times  as  there  are  stations,  ^H 

3.   If  intended  only  as  a  base  for  a  large-scale  topographic^" 
map  of  but  a  few  square  miles»  it  will  be  unnecessar\'  to  dctcr-_ 
mine  its  geodetic  coordinates,  as  the  resulting  map  may  de 
pend  upon  a  plane  survey. 

The  early  method  of  measuring  base  lines  consisted  in  th^ 
employment  of  ivatukn  rods,  varnished  and  tipped  with  metal, 
which  were  supported  upon  trestles  and  between  the  ends  i 
which  contacts  were  made  with  great   care.     The  advantagl 
of  wooden  rods  consisted  in  the  fact  that  their  length  is  bu 
slightly  affected  by  temperature,  and  as  they  were  thoroughl| 
varnished  they  were  only  slightly  aflfectcd  by  moisture.    Late 
a  more  accurate  method  of  base  measuring  was  adopted,  con 
sisting  in  the  employment  of  various  forms  o\  comptusated rod^ 
as  the  Contact-Slide  Apparatus  (Art.  210)  of  the  U.  S.  Coasj 
Survey  and  the  Repsold  primar\^  base  bars  of  the  U»  S.  Lak 
Survey  (Art-  21 2),      More  recently  the  use  of  steel  tapes  ( Ar 
204)  has  become  popular,  as  the  accuracy  attainable  with  thes 
has  become  better  appreciated*    The  latest  approved  base  ba 
apparatus  is  the  Eimbeck  duplex-bars oi  the  U«  S.  Coast  Survey^ 
Finally   the   iced  bar  (Art.  211)  is  the   highest  development 
of  base-measuring  apparatus  adopted  by  the  same  Survey. 

203.  Accuracy  of  Base  Measurement. — The  z\\\^\  sQurci 
of  error  \\\  base  measurement,  by  whatsoever  means  made,  an 
due  to — 

1 .  Changes  of  temperature ; 

2.  Difficulties  of  making  contact;  and 

3.  Variations  of  the  bars  or  tape  from  the  standards. 
The  refinements  of  measurement  consist  especially  in- 
a.   Standardizing  the  measuring  apparatus  or  its  compar 

son  with  a  standard  of  length. 
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b.  Determination  of  temperature  or  its  neutralization  by 
'the  use  of  compensating  bars;  and 

c.  Means  adopted  for  reducing  the  number  of  contacts  to 
the  fewest  possible,  and  of  making  these  with  the  greatest 
degree  of  precision. 

The  inherent  difficulties  of  measurement  with  bars  of  any 

■kind  are: 
I.  Necessity  of    measuring    short    bases    because   of    the 
number  of  times  which  the  bars  must  be  moved. 

2,   Their  use  is  expensive,  requiring  a  considerable  number 
of  men ;  and 
H        3.  The  measurement   proceeds  slowly,    often    occupying 

from  a  month  to  six  weeks. 
^_       The  advantages  of  measurements  made  by  a  steel  tape  are : 
^K       K  Great  reduction  in  the  number  of  contacts,  as  the  tapes 
^Birc  about  three  hundred  feet  long  as  compared  with  bars  of 
^nbout  twelve  feet ; 
^r       2.  Comparatively  small  cost  because  of  the  few  persons 

required; 
^^       3.   Shortness   of  the   time  employed,   an  hour  to  a  mile 
^■being  an  ordinary  record  in  actual  measurement;   and 
^  4.    Errors  in  trigonometric  expansion  may  be  reduced  by 

^■increasing  the  length  of  the  base  from  5  miles,  the  average 
^Eength  of  a  bar*measurcd  base,  to  8  miles,  not  an  uncommon 
^■length  for  tape-measured  bases. 

|H        Prof.  T.  C.  Mendenhall,  in  reviewing  the  qualities  of  the 
^■various  base  apparatus,  stated  that   **The  use  of  an  iced  bar 
^^applied  to  the  measurement  of  considerable  distances  is  un- 
questionably the  method  of  highest  pretision,  :ind  its  cost  is  not 
believed  to  be  greater  than  that  of  other  primary  methods  in 

kiise  in  Europe,  but  it  will  not  be  found  necessary  to  resort  to 
it  in  ordinary'  practice  except  for  purposes  of  standardization." 
He  then  goes  on  to  state  that  **the  metallic  tape  is  capable 
of  giving  a  result  of  great  accuracy  in  the  hands  of  experts, 
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and  that  this  is  evidently   the  best  device  for    rapid  b^^l 
measurement  when  no  great  precision  is  aimed  at.**  ^H 

It  seems  that  the  steel  tape  is  capable  of  giving  a  preci*'^| 
sion  indicated  by  a  prababU  error  of  ,^^-^^  part  of  a  meas^-^f 
ured  line,  while  yu^JiJT?  appears  to  be  easily  and  cheaplyH 
attainable  with  long  tapes  after  they  are  standardized.  This" 
is  amply  sufficient  for  the  present  purposes  of  geodesy,  and 
the  sole  obstacle  in  the  way  of  much  higher  precision,  should 
it  be  deemed  essential,  appears  to  be  only  the  difficulty  ot^ 
measuring  the  temperature  of  the  tape.  V 

Bases  arc  not  measured  solely  for  the  accuracy  attainable 
within  themselves,  but  to  attain  the  greatest  accuracy  whicbt 
when  expanded  through  a  scheme  of  triangulation,  will  not 
introduce  into  it  errors  of  appreciable  amount.  Therefore  it 
is  scarcely  economic  to  strive  at  an  accuracy  which  will  be 
greatly  in  excess  of  that  attainable  in  the  succeeding  triangu- 
lation (Art.  240).  Precision  of  measurement  represented  by 
probable  errors  of  ^inmiir  ^^  %^h^^  *^  sufficient  for  all  prac- 
tical requirements  of  good  primary  triangulation  not  required 
in  the  solution  of  geodetic  problems. 

204.    Base    Measurement    with   Steel    Tapes. — ^  Steel 
tapes  offer  a  means  of  measuring  base  lines  which  is  superior 
to  that  obtained  by  measuring  bars  because  (Art.  203)  it  com- 
bines   the    advantages    of    great    length    and    simph'city    of 
manipulation,    with    the  precision  of    the  shorter   laboratory] 
standards,  providing  only  that  means  be  perfected  for  elim^ 
inating  the  errors  of  temperature  and  of  sag  in  the  tape.     B; 
lines  can  be  so  conveniently  and    rapidly  measured  w*ith  loni 
steel  tapes  as  to  permit  of  their  being  made  of  greater  length 
than  has  been  the  practice  with  lines  measured  by  bars,  ani 
as  a  result  still  greater  errors  may  be  introduced  in  tape-mea 
ured  bases  and  yet  not  affect  the  ultimate  expansion  any  more^ 
than  will  the  errors  in  the  latter,  because  of  the  greater  length 
of  the  base.      Primary^   base   lines  have   been    measured    by 
means  of  long  steel  tapes  within  recent  years  by  the  U.  S. 
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Geological  Survey  and  the  U.  S.  Coast  and  Geodetk  Survey, 
well  as  by  the  Missouri  and  the  Mississippi  River  Com- 

"missions,  and  in  each  case  with  satisfactory  results. 
^^  As  showing  the  quality  of  this  work,  some  measures  made 
^^k  Prof*  R,  S-  Woodward  of  t\\Q  St.  Albans  base,  previously 
^Hleasured  with  base  bars  by  the  U*  S.  Coast  and  Geodetic 
^Burvey,  showed  a  range  of  several  measurements  of  the  whole 
^Kase  of  24.1  millimeters  or  TfAirir  of  the  whole,  the  greatest 
^^vergence  from  the  adopted  mean  being  13  millimeters  or 
r  in^Vinnr-  ''^he  probable  error  of  one  measure  of  a  kilometer 
'  made  at  this  time  was  ±  1.88  mm.  It  is  believed  that 
^the  probable  error  of  a  single  tape  length  did  not  exceed 
^K  O-OS  mm.,  while  the  probable  error  of  the  measurement  of 
^he  whole  base  was  ^^g,^. 

205.  Steel  Tapes.- — The  tapes  used  for  this  work  are  of 
steel,  either  300  feet  or  100  meters  in  length.  The  meter 
tapes  used  by  the  Coast  Survey  are  lOl.oi  meters  in  length, 
6.34  millimeters  by  0.47  millimeters  in  cross-section,  and  weigh 
22.3  grams  per  meter  of  length.  They  are  subdivided  into 
20'meter  spaces  by  graduations  ruled  on  the  surface  of  the  tape, 
and  their  ends  terminate  in  loops  obtained  either  by  turning 
back  and  annealing  the  tape  on  itself  or  by  fastening  them 
into  brass  handles.  When  not  in  use  the  tapes  are  rolled  on 
reels  for  easy  transportation. 

The  steel  tapes  used  by  the  Geological  Survey  are  similar 

those  used  by  the  Coast  Survey,  excepting  in  their  length, 

I     which  is  a  little  over  300  feet.      They  are  graduated    for  300 

^Ket  and  are  subdivided  every  10  feet,  the  last  5  of  which  at 

^Bther  end  is  subdivided  to  feet  and  tenths.      The  various  in- 

^Btrument-makers   now   carry  such   tapes  in  stock,  wound  on 

hand-reels.     All  tapes  must  be  standardized  before  and  after 

use  by  comparison  with  laboratory  standards ,  and,  if  possible, 

thereafter  frequently  in  the  field   by  means  of  an  iced  bar  ap- 

laratus,     (Art.  2  i  k) 

206.  Tape-stretchers. — ^In  measuring  with  steel  tapes  a 
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balance  attached  to  the  forward  end  of  the  tape,  where  a 
tension  of  twenty  pounds  is  applied,  the  rear  end  of  the  tape 
being  caught  over  a  hook  which  is  held  steadily  by  a  long 
screw  with  a  wing-nut »  by  which  the  zero  of  the  tape  may  be 
exactly  adjusted  over  the  mark  scratched  on  the  zinc  plate* 
The  spring-balance  is  held  by  a  wire  running  over  a  wheels 
which  latter  is  w^orked  by  a  lever  and  held  by  ratchets  in  any 
desired  position,  so  that  by  turning  the  wheel  a  uniform 
strain  is  placed  on  the  spring-balance,  which  is  held  at  the 
lesired  tension  by  the  ratchets. 

The  tape-stretcher  used  by  the  U,  S*  Geological  Survey 
off  railways  consists  of  a  board  about  5  feet  long,  to  the  for- 
ward end  of  which  is  attached  by  a 
strong  hinge  a  wooden  lever  about  5 
feet  in  length »  through  the  larger  por- 
tion of  the  length  of  which  is  a  slot 
(Fig.  154).  Through  the  slot  is  a  bolt 
with  wing-nut,  which  can  be  raised  or 
lowered  to  an  elevation  corresponding 
with  the  top  of  the  hub  over  which 
measurement  is  being  made,  and  hung 
from  the  bolt  is  the  spring-balance,  to  which  the  forward 
tapeman  gives  the  proper  tension  by  a  direct  pull  on  the 
lever,  the  weight  of  the  lever  and  the  friction  in  the  hinge 
being  such  as  to  make  it  possible  to  bring  about  a  uniform 
tension  and  to  hold  that  tension  without  difficulty.  The 
zero  on  the  rear  end  of  the  tape  is  adjusted  over  the  contact 
mark  on  the  zinc  by  means  of  a  similar  lever  with  hook-bolt 
and  wing-nut,  but  without  the  use  of  spring-balance. 

207.  Laying  out  the  Base. — The  most  laborious  opera- 
tion in  base  measurement  is  its  preliminary  preparation  or  the 
'*  laying  out ''  of  the  base,  as  it  is  called,  which  consists  of-^ 
I        I.  Aligning  it  with  a  theodolite; 

T      2,  Careful   preliminary  measurement   for   the   placing  of 
stakes  on  rough  ground ;   and 


Fig. 


154.— Simple  Tapk 
stretcher. 
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5.   PJacing  of  zinc   marking-strips  on  the  stakes  and, 
the  case  of  railway  measurement,  on  the  ties. 

Where  a  base  is  measured  on  a  railway  tangent,  no  align- 
ment is  needed  beyond  a  provision   for  keeping  the  tape  at  a 
uniform    distance  from  one    rail.      In   measuring  alcng  raU*^ 
ways^  a  number  of  boards  5  feet  in  length,  and  equal  to  the 
number  of  tape-lengths  to  be  laid  down,  are  provided,  and! 
nailed  across  the  ties  at  the   proper  distances.     Numbered 
strips  of  zinc ^  6  to  18  inches  in  length  and  an  inch  in  width, 
are  tacked  to    blocks  of  wood    nailed  on   the  boards.     The^^ 
tatter  form  the  support  for  the  tension  device,  and  the  con-  H 
tacts  are  scratched  upon  the  strips  of  zinc.     The  thermometers 
by  which  the  temperature  is  observed  are  wound   with  fine 
wire^  and  at  least  two  are  used  by  which   careful  readings  are 
made  for  each  tape-length.     The  base  is  invariably  measured^! 
at  least  twice,  and  the  two  results  are  compared  by  sections 
of  at  least  four  tape-lengths.     The  measurements  are  prefer- 
ably made  at  night  or  on  very  dull  and  cloudy  days,  and  afterj 
the  line  has  been  once  prepared  a  base  of  about  5  miles  in 
length  can  be  measured  in  as  many  hours. 

Base  lines  measured  with   steel  tapes  across  country  arc 
aligned  by  theodolite,  and  are  laid  out  by  driving  large  hubs 
of  3  X  6  scantling  into  the  ground,  the  tops  of  the  same  pre 
jecting  to  such  a  height  as  will   permit  a  tape-length  to  swinj 
free  of  obstructions.      These   large  hubs  are  placed  by  careful 
preliminary  measurement  at  exact  tape*lengths  apart,  and  be- 
tween them,  as  supports,  long  stakes  are  driven  at  least  ever 
50  feet.      Into  the  sides  of  these  near  their  tops  are  drivenJ 
horizontally,  long  nails,  which  are  placed  at  the  same  level  by 
eye,   by  sighting  from  one  terminal  hub  to   the  next,     OH 
these  nails  the  tape  rests,  and  on  the  surface  of  the  terminal 
hubs  are  tacked  strips  of  zinc  on  which  to  make  the  contact^ 
marks.     A  careful  line  of  spirit-levtis  must  be  run  over  till 
base  line,  and  whether  measured  on  a  railroad   or  on  rougb 
ground  the  elevation  of  the  hub  or  contact-mark  of  each  tape- 
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length  roust  be  determined  in  order  to  furnish  the  data  for 
reduction,  both  for  slope  and  to  sea-leveL 

208.  Measuring  the  Base.— A  party  for  the  measure- 
ment  of  a  base  line  ahfig  a  rathvay  consists  oi  four  men  :  the 
chief  of  party,  who  marks  the  front  extremity  of  the  tape  and 

s  general  supervision  of  the  work;  a  rear  chairman,  who 
justs  the  rear  end  of  the  tape  to  the  contact-marks,  and 
reads  one  thermoniew?r;  the  head  chainman,  who  adjusts  the 
irward  end  of  the  tape,  applies  the  requisite  tension,  and 
ds  a  second  thermometer;  and  a  recorder.  In  measuring 
rr  rough  ground  off  railways  six  meji  are  necessary,  namely, 
o  tape-stretchers,  two  markers,  two  observers  of  thermom- 
eters, one  of  whom  will  record.  The  cooperation  of  these 
men  is  obtained  by  a  code  of  signals,  the  first  of  which  calls  for 
the  application  of  the  tension,  then  the  two  tape-stretchers 
by  signal  announce  when  the  proper  tension  has  been  applied  ; 
then  the  rear  observer  adjusts  the  rear  graduation  over  the 
determining  mark  on  the  zinc  plate  and  gives  a  signal,  upon 
hearing  which  the  thermometer- recorder  near  the  middle  of 
,  the  tape  lifts  it  a  little  and  lets  it  fall  on  its  supports,  thus 
^■Iraightening  the  tape.  Immediately  thereafter  the  front 
^^bserver  marks  the  position  of  the  tape  graduation  on  the  zinc 
I  plate,  and  at  the  same  time  the  thermometers  are  read  and 
I  recorded.  By  this  method  a  speed  can  be  obtained  as  great 
j     as  six  to  eight  miles  per  day. 

209,  Compensated  Base  Bars. — Compensated  base  ap- 
paratus consists  of  two  bars  of  different  metals  w^hich  ha\x 
different  rates  of  expansion,  laid  close  together,  parallel  and 

^^^mly  fastened  together  at  the  center,  from  or  to  which  point 
^Biey  are  free  to  expand  or  contract.  At  a  fixed  temperature 
they  are  taken  of  the  same  length,  so  that  if  they  experience 
an  equal  change  in  temperature  the  lines  drawn  parallel  to 
eir  extremities  will  remain  always  at  the  same  constant 
istance  apart.  The  two  bars^  one  of  iron  and  one  of  brass, 
are  each    10   feet   long»  ^  inch    in  thickness,  and   i^  inches 
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in  width,  and  are  placed  i.i  inches  apart,  connected  at  the 
centers  by  two  transverse  steel  cylinders  not  quite  in  conud. 
At  each  extremity  of  the  bars  is  a  metal  tongue  so  connected 
by  pivots  to  the  bars  as  to  admit  of  free  expansion.  These 
tongues  are  each  6  inches  long,  and  on  a  silver  pivot  at  one 
end  is  marked  the  compensation  point.  This  compound  bar 
\^  placed  in  a  wooden  box  and  is  kept  from  moving  lengthwise 
by  means  of  a  brass  stay  firmly  fixed  to  the  bottom  of  the 
box  at  the  center.  A  long  level  is  fixed  to  the  upper  surface 
of  the  brass  bar  and  is  read  by  means  of  a  glass-covered  open- 
ing in  the  top  of  the  box^  The  tongues  carr^^-ing  the  compen- 
sation points  project  beyond  the  box,  but  arc  carefully  pro- 
tected, and  these  points  lie  in  the  line  of  measurement. 

In  measuring  a  base  six  sets  of  bars  are  used,  and  each 
when  in  use  is  supported  at  one-fourth  and  three-fourths  of  its 
length  by  means  of  strong  brass  tripods  having  rollers  on  their 
upper  surface  and  provided  %vith  a  tangent  screw  for  commtH 
nicating  a  longitudinal  motion  to  the  bar,  and  other  screws 
for  communicating  a  transverse  motion,  and  an  elevating- 
screw  for  final  adjustment  of  the  level.  These  tripods  rest 
on  trestles  which  are  at  various  heights  according  to  the  nature 
of  the  ground.  The  interval  between  two  adjacent  compen- 
sating points  lying  in  a  line  is  brought  to  exactly  6  inches  by 
means  of  a  compensation  microscope. 

210.     Contact-slide     Base     Apparatus. — ^The    contai 
slide  base-measuring  apparatus,  made  by  Saegmuller  &  Ci 
consists  of  two  measuring- bars,  each  4  meters  in  length 
su  p  p  o  ft  e  d  on  t  rest  I  es .      (Fig.  i  S  S  • )     The  measu  rement  is  mt 
by  bringing  these  bars  successively  in  contact^  which  is  effect 
by  means  of  a  screw  motion  and  defined  by  the  coincidence 
of  lines  on  the  rod  and  contact-slide*      Each  bar  consists  of 
two  pieces  of  wood  about  8  x  H  cm*  square  and  a  little  le; 
than  4  meters  long,  firmly  screwed  together.     Between 
pieces  of  wood  is  a  brass  frame  carrying  three  rollers^  on  the 
central  one  of  which  rests  a  steel  rod  about  8  mm.  in  di 
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eter.  On  each  side  there  is  a  zinc  tube  9  mm.  diameter 
The  rod  and  tubes  are  supported  throughout  their  length  on 
similar  systems  of  rollers.  The  zinc  tubes  form  with  the  steel 
rod  a  metallic  differential  thermometer,  and  are  so  arranged 
that  one  tube  is  secured  to  one  end  of  the  rod,  being  free  to 
expand  in  the  other  direction,  the  other  tube  being  in  a  like 
manner  fastened  to  the  other  end  of  the  rod.  The  zinc  tuhcu 
therefore,  with  any  change  of  temperature,  expand  or  contract 
in  opposing  directions,  and  the  amount  by  which  the  expan- 
sion of  the  zinc  exceeds  that  of  the  steel  is  measured  bv  a 
fine  scale  attached  to  the  rod,  while  the  zinc  tube  carries  a 
corresponding  vernier.  The  cut  shows  this  arrangement, 
which  is  identical  on  both  ends  of  the  bars;  a  perforatton  in 
the  wood  of  the  bar  allows  this  scale  to  be  read.  In  addition 
to  these  metallic  thermometers  a  mercurial  thermometer  is  at- 
tached  to  the  bar  about  midway  of  its  length. 

The  rods  and  tubes,  thus  forming  a  united  whole  are  mova- 
bk  lengthwise  on  the  rollers  by  means  of  a  milled  nut  working 
ill  threads  cut  on  tile  steel  rod,  which  passes  through  a  circu- 
lar opening  in  the  brass  plate  screwed  to  the  wooden  bar,  and 
against  which  the  nut  presses.  Two  strong  spiral  springs 
pull  the  rods  back,  and  the  nut  is  always  pressed  against  the 
plate.  One  end  of  the  rod  is  defined  by  a  plain  agate  securely 
fastened  to  it ;  the  other  end  carries  the  contact-slide,  havi 
an  agate  with  a  horizontal  knife-edge.  This  slide  is  a  sh 
tube,  fitting  over  the  end  of  the  rod  and  pushed  outward 
a  spiral  spring.  A  slot  in  the  tube  shows  an  index-plati 
with  a  ruled  line  fastened  to  the  rod. 

To  align  the  bars  properly  a  small  telescope  is  placed 
each  bar,  and  can  be  adjusted  to  bring  the  line  of  collimati 
over  the  axis  of  the  rod.      The  trestle,  shown  in  the  uppc 
left-hand  corner  of  the  illustration,  consists  of  a  strong  tripot 
stand,  carrying  a  frame  with  two  upright  guides  for  two  cross 
slides,    which    are    separated    by  a  movable  wedge.     Thci 
cross-slides  can  be  clamped  in  any  position.     By  moving  th 
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wedge,  the  bar  resting  between  the  uprights  is  either  elevated 
or  depressed.  To  obtain  smooth  nnovements,  friction  rollers 
are  provided.  To  move  the  bars  sideways,  a  coarse  screw 
takes  hold  of  a  projection  on  the  lower  side  of  the  bar,  by 
turning  which  the  bar  can  be  moved  laterally. 

There  are  three  pairs  of  trestles,  alike  in  construction,  with 

exception  that  the  upper  shde  of  the  trestle  intended  for 
the  fonvard  end  of  the  bar  carries  a  roller  on  which  the  bar 

s,  while  the  other  has  a  fixed  semi-cylindrical  surface  for 
e  support  of  the  bar.  In  making  the  measurement,  the 
bars  being  4  meters  in  length,  the  stands  are  set  up  at  a 
distance  of  2  meters,  each  bar  being  supported  at  one- 
fourth  its  length  from  the  ends,  as  indicated  by  painted  black 
bands.  Each  bar  has  a  sector  with  level  alidade  attached  to 
one  side,  by  which  its  inclination  can  be  read  ofl  to  single 
minutes. 

The  U.  S.  Coast  and  Geodetic  Survey  has  recently  used 
with  much  success  a  new  form  of  bimetallic  contact-slide  or 

E^-^Vjt  apparatus  designed  by  Mr.  Wm.  Eimbeck,     This  con* 
of  two  disconnected  bars  of  brass  and  steel,  of  precisely 
_ lar  construction,   each    5    meters   in    length.     These   are 

reversible  and  are  contained  in  double  metallic  truss  tubes  the 
I  inner  of  which  is  reversible  on  its  axis.  They  are  so  arranged 
^K  to  indicate  the  accumulated  difference  of  length  of  the 
fflrcasures  of  the  brass  and  steel  components. 

211.  Iced-bar  Apparatus. — This  apparatus,  which  is  of 

recent  invention  and  is  capable  of  w^ork  of  the  highest  pre- 

I  cision,  was  designed  by  Prof.  R.  S.  Woodward.      It  belongs 

'  to   that  type  in  which  a  single  rigid  bar  is  used  as  the  ele- 

Snt  of  length  along  with  micrometer  microscopes  to  mark 
successive  positions.  Fig.  157  shows  the  iced  bar  in 
ss-section.  The  measuring-bar  is  carried  in  a  Y-shaped 
I  trough,  where  it  is  kept  surrounded  with  melting  ice.  The 
I  trough  is  mounted  on  two  cars  which  move  on  tracks,  and 
the    microscopes   are   mounted    on   w^ooden   posts   which   are 
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ranged  out  and  set  firmly  in  the  ground  beforehand,  the 
microscopes  being  clamped  or  detached  from  the  posts  easily 
in  moving  forward  as  the  measuring  of  the  line  progresses, 
and  the  Y  trough  being  likewise  rolled  forward  on  cars  over 
a  temporary  track.  The  apparatus  is  5  meters  long,  the 
microscope  posts  being  set  5  meters  apart,  and  the  supports 
for  the  car-track  a  like  distance.  In  field-work  the  micro- 
scopes  are  shielded  by  umbrellas  instead  of  by  temporary 
shedSi  as  in  the  illustration. 

The  miasuring-bar  is  a  rectangular  bar  of  tire-steel  5.02 
meters  long,  8  mm.  thick,  and  32  mm.  deep.  The  upper 
half  of  the  bar  is  cut  away  for 
about  2  cm.  at  either  end  to  re-  g^ 
ceive  the  graduated  plates  of  plat- 
inum-iridium,  w^hich  are  inserted 
so  that  their  upper  surface  lies  in 
the  neutral  surfaces  of  the  bar. 
Three  lines  are  ruled  on  each  of 
these  plugs,  two  in  the  direction 
of  and  one  transverse  to  the  length 
of  the  bar.  The  Y  trough  sup- 
ports the  bar,  keeps  it  aligned, 
and  carries  the  ice  essential  to  the 
control  of  the  temperature  of  the 
bar.  It  is  made  of  two  steel 
plates  5.14  m,  long,  25.5  cm. 
wide,  and  3  mm.  thick.  They 
arc  bent  to  a  Y  shape,  angle  of 
60  degrees,  and  riveted  together  at  the  stem.  The  bar  is 
supported  at  every  half*meter  of  its  length  by  saddles,  as 
shown  in  the  illustrations,  and  these  arc  rigidly  attached  to 
the  sides  of  the  trough  by  screws,  each  saddle  carrying  two 
^ateral  and  one  vertical  adjusting- screw. 

^B     When  the  apparatus  is  in  use  the  Y  trough  is  completely 
^filled    with    pulverized    ice,   the    upper   surface    of  which    is 
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rounded  to  about  the  height  shown  by  the  curve  in  the  dia- 
gram, that  is,  to  the  top  of  the  trough.  The  amount  of  ice 
required  for  this  purpose  is  about  8  kg.  per  meter  of  the  bar's 
length-  By  reason  of  the  sloping  sides  of  the  trough,  the 
ice  is  kept  in  close  contact  with  the  bar,  especially  as  the 
trundling  of  the  car  produces  sufficient  jarring  to  overcome 
any  tendency  of  the  ice  to  pack.  An  essential  auxiliary  to 
the  apparatus  is  an  ice-crusher  and  a  plane  for  shaving  fine  ice 
to  pack  the  ends  of  the  bar.  The  micrometer  microscopes 
which  define  the  successive  positions  of  the  bar  in  measuring 
a  line  are  similar  to  those  used  in  the  Repsold  basc-measurim 
apparatus,     (Art.  212.) 

212.  Repsold  Base  Apparatus. — ^This  is  an  unusual  ap- 
paratus and  has  been  used  in  tliis  country  in  measuring 
primary  base  lines  of  the  U.  S.  Lake  Survey.  The  follow- 
ing description  of  it  is  copied  from  the  final  report  of  that 
organization  : 

This  consists  of  a  measuring-bar  of  steel  approximate! 
4  meters  long.  (Fig,  158,)  Its  exact  length  at  any  tei 
pcrature  is  known.  By  the  side  of  the  steel  bar  is  a  simi 
zinc  bar.  The  two  are  fastened  firmly  together  in  the  midd 
Their  unequal  expansion  is  observed  upon  scales  at  both  en 
making  a  metallic  thermometer  by  which  the  temperature  of 
the  steel  bar  becomes  known.  These  two  bars  are  placed 
within  a  hollow  iron  cylinder,  called  the  tube-cy Under ^  which 
supports  them  rigidly  and  protects  them  from  sudden  changes 
of  temperature.  The  bars  are  supported  in  the  cylinder 
a  system  of  rollers  which  keeps  them  straight,  parallel,  a 
at  constant  distance  from  each  other.  The  combination  of 
the  two  bars  and  the  tube-cylinder  is  called  a  tube.  The 
tube  is  provided  with  a  sector  which  indicates  the  dcviatti 
of  the  tube  from  the  horizontal,  so  that  a  base  can  be  me; 
ured  upon  slightly  inclined  as  well  as  upon  level  surfaces, 
telescope  is  also  attached,  which  points  in  the  same  direct! 
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as  the  lube  and  enables  consecutive  tube  measurements  to  be 
kept  in  the  same  vertical  plane. 

In  measuring  a  base  the  rear  end  of  the  tube  is  placed  at 
he  beginning  of  the  line  and  the  position  of  the  front  end  is 
arked.  Then  the  tube  is  carried  forward  and  the  rear  end 
IS  placed  at  the  mark  and  the  front  end  is  marked  again,  and 
so  on,  in  the  same  way  that  a  line  is  measured  with  a  chain 
and  pins.  In  order  that  the  tube  may  stand  firmly  it  is  sup- 
ported upon  iron  stands,  one  at  each  end.  These  stands 
have   tliree  legs,  which   rest   upon    iron   pins   driven   in   the 


^' 


W 
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FiG,  158. — RErsoLD  Base  Apparatus* 

ound.  To  place  the  tube  exactly  in  the  line  and  at  a 
proper  height,  the  tops  of  the  tube*stands  are  provided  with 

ovements  in  three  directions,  by  means  of  which  the  tube 

n  he  moved  sidewise,  lengthwise,  and  up  and  down.  For 
convenience  there  are  four  tube-stands,  so  that  two  can  be 
placed  in  position  while  the  tube  is  resting  on  the  other  two. 
The  positions  of   the  ends  of  the  tube  are  marked  with 

uroscafes.  Thus  while  tlie  tube  does  the  work  of  a  chain, 
the  microscopes  do  that  of  the  pins.     The  microscopes  arc 

ounted  upon  iron   stands,  which,  like  the  tube-stands,  are 
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supported  upon  iron  pins  driven  into  the  ground.  The 
microscope-stands  arc  so  constructed  that  the  microscope  can 
be  placed  directly  over  the  end  of  the  tube.  The  microscopes 
are  provided  with  two  motions,  so  that  they  can  be  moved  a 
short  distance  along. the  line  or  at  right  angles  to  it.  They 
also  have  levels  attached,  so  that  they  can  be  made  vertical. 
For  convenience  there  are  four  microscopes,  so  that  two  can 
be  placed  in  position  while  two  are  standing  over  the  ends  of 
the  tube. 

To  measure  a  tube-length,  the  rear  end  of  the  tube  is  placed 
under  the  microscope  which  marks  the  position  of  the  front 
end  of  the  preceding  tube-length.  The  tube  is  then  brought 
into  the  line  by  means  of  its  telescope.  Its  inclination  is 
found  by  reading  its  sector,  and  the  temperature  of  the  steel 
bar  is  found  by  microscope  readings  on  the  scales  at  front 
and  rear  ends.  From  the  temperature  the  length  of  the  steel 
bar  is  found  at  the  instant  the  measurement  is  made.  From 
its  inclination  the  horizontal  projection  of  this  length 
found,  and  thus  the  actual  advance  becomes  known. 

213.  Base  Lines:  Cost,  Speed,  and  Accuracy. — 
lines  of  the  highest  attainable  accuracy  of  measurement 
those  measured  by  the  U.  S.  Coast  and  Geodetic  Sur\' 
cost  from  twenty- five  hundred  to  thirteen  thousand  dollars 
according  to  the  methods  employed  and  the  precision  aimed 
at*  The  speed  of  measurement  by  the  U.  S.  Coast  Survey, 
using  base  bars,  is  from  two  to  six  months,  including  prcpa* 
ration  and  actual  measurement.  The  probable  error  of  the 
result  attained  is  from  xinmnrTi  ^^  TTrhnnr- 

Base  lines  as  measured  by  the  U.  S.  Geological  Survey 
with  sufficient  accuracy  for  the  expansion  of  primary  triangu- 
lation  which  is  to  be  developed  to  distances  of  200  to  400 
miles,  cost  from  one  hundred  to  two  hundred  dollars  per 
base.  This  work  is  executed  with  steel  tapes  and  requires 
from  seven  to  ten  days  for  preparation  and  measurement  of 
the  base.  The  accuracy  attained  has  an  average  probable 
error  of  ^u^inr* 
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COMPUTATION  OF  BASE   MEASUREMENT. 

214.  Reduction  of  Base  Measurement. — After  the  meas- 
rement  of  the  base  line  has  been  completed  in  the  field,  the 
esults  of  the  measurement  have  to  be  reduced  for  various 

corrections,  among  which  are : 

1.   Comparison  with  standard  of  measure; 

2-  Corrections  for  inclination  and  sag  of  tape  if  such  is 
used; 

3,  Correction  for  temperature; 

4.  Reduction  to  sea- level* 
As  an  example  of  the  method  of  making  such  corrections 

and  of  keeping  the  records  of  base  measurement,  the  follow- 
ing has  been  selected  from  the  measurement  of  the  Spearville 
base  in  Kansas  by  the  U.  S.  Geological  Survey. 

215.  Reduction  to  Standard. — The  first  correction  to  be 
applied  is  that  of  reducing  the  tape-line  or  the  base-bars  to  a 
standard.  The  data  for  this  reduction  is  best  obtained  by  a 
comparison  with  the  international  standards  of  the  U.  S*  Coast 
and  Geodetic  Survey,  that  at  their  office  in  Washington,  or  the 
standard  kilometer  measured  at  the  Helton  base  in  Indiana. 
Or,  if  these  are  not  accessible,  comparisons  may  be  made 
with  standards  in  the  possession  of  the  U.  S.  Mississippi  and 
Missouri  River  Commissions  and  of  one  or  two  of  the  more 
reliable  instrument-makers  of  the  country. 

The  reduction  to  standard  may  be  positive  if  the  tape  is 
longer  than  the  standard,  or  negative  if  shorter,  and  this  reduc- 
tion is  proportioned  to  the  entire  length  of  the  line,  and  is 
generally  made  by  multiplying  the  length  of  the  tape  or  bar 
as    obtained    from    comparison   with   the   standard    into   the 
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number  of  times  which  the  same  is  applied  on  various  sections 
or  the  whole  of  the  base. 

An  example  of  this  reduction  is  given  in  Art.  217,  which 
contains  a  record  of  the  measurement  of  the  Spcarville  base* 

216.  Correction  for  Temperature- — As  the  length  of  a 
steel  tape  or  a  metal  bar  varies  with  the  temperature,  one  of 
the  most  uncertain  elements  in  the  measurement  of  a  base  by 
means  of  a  steel  tape  is  its  length  as  compared  with  the  stand* 
ard  because  of  variations  due  to  expansion  and  contraction 
from  changes  in  temperature.  As  already  shown,  the  mo^t 
accurate  mode  of  measurement  obtainable  is  that  in  which  the 
temperature  is  fixed,  as  in  the  case  of  the  iced-bar  apparatus 
(Art,  211).  In  any  other  form  of  base-measuring  apparatus 
every  effort  must  be  made  to  obtain  the  greatest  uniformity 
of  temperature,  and  in  using  a  tape  corrections  must  be  made 
for  every  tape-length,  as  derived  from  readings  of  one  or 
more  thermometers  applied  to  the  tape  in  the  course  of  the 
measurement. 

Steel  expands  .0000063596  of  its  length  for  earh  degree 
Fahrenheit  of  temperature*  This  fraction*  multiplied  by  the 
average  number  of  degrees  of  temperature  above  or  below  62 
degrees  at  the  time  of  the  measurement,  gives  the  proportion 
by  which  the  base  is  to  be  diminished  or  extended  on  account 
of  temperature  changes.  This  correction  is  applied  usually 
by  obtaining  with  great  care  the  mean  of  all  thermomctric 
readings  taken  at  uniform  intervals  of  distance  during  the 
measurement.  An  example  of  the  record  of  temperature  and 
of  reduction  for  temperature  is  given  in  the  last  two  columns 
of  the  table  in  the  following  article, 

217.  Record  of  Base  Measurement.— The  following  is  a 
sample  page  from  the  note-book  containing  record  of  meas- 
urement of  the  Spearville  Base  as  made  by  Mr.  H*  L.  Baldwin 
of  the  U.  S.  Geological  Survey  in  1889.  This  base  was 
measured  along  a  railroad  and  therefore  has  no  correction  for 
sag  as  the  tape   rested  on  the  ties.     It  was  measured  in  a 
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number  of  sections,  and  the  following  is  that  of  two  measure- 
ments of  the  first  section.  In  the  last  column  is  shown  the 
Icthod  of  making  corrections  to  the  tape  to  reduce  to  stand- 
(Art*  215),  and  in  the  next  to  the  last  column  the  method 
of  making  temperature  correction  (Art,  2 16). 

RECORD  OF  BASE  MEASUREMENT  AND  REDUCTION. 

(First  racasurcnicnt,  section  i,  October  16,  iSSg,) 
H.  L.  Bai.i>wiM|  To|>ogr^pher. 
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17,   1889.) 
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■0.1  J 

54-S 
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Result  sec.  racai..  =  3,000^01 

m8*  Correction  for  Inclination  of  Basc.^^The  data  for 
this  correction  are  obtained  by  running  a  careful  line  of  spirit- 
levels  over  the  base  line  (Chap.  XV).  In  the  course  of  this 
leveling,  elevations  are  obtained  for  every  plug  upon  which 
the  tape  rests.  The  result  of  this  leveling  is  to  give  a  profile 
showing  rise  or  fall  in  feet  and  fractions  thereof  between  the 
points  of  change  in  inclination  of  the  tape-line*     From  this 
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and  measured  distances  between  these  points  the  angle  of 
inclination  is  computed  by  the  formula 


sin  ^—J.^ 


(40) 


in  which  D  =  length  of  tape  or  measured  base; 

A  =  difference  in  height  of  the  two  ends  of  the  tape 

or  measured  base,  both  in  feet ;   and 
B  —  angle  of  slope  expressed  in  minutes. 
The  correction  in  feet  to  the  distance  is  that  computed 
by  the  equation 

(41) 


Cor.  =  D±^9. 


Since,  however, 


=  0.00000004231,  we  have 


Cor.  =  0.00000004231^/^ (42) 

As  the  logarithm  of  the  constant  is  equal  to  2,6264222, 
the  above  may  be  expressed  in  logarithms,  thus: 

Cor,  =  log  2.6264222  +  2  log  0  +  log  D.     .     (43) 

An  example  of  the  record  and  mode  of  making  correc- 
tions for  inclination  is  given  in  the  following,  taken  from 
Spearville  Base  measurement ; 

S.  S.  GAMnrrT,  Computer. 
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An  approximate  formula  for  reducing  distances  measured 
on  sloping  ground  to  horizontal  is  expressed  by  the  rule: 
Divide  the  square  of  the  difference  of  ievel  by  twice  the 
measured  distance,  subtract  the  quotient  thus  found  from 
the  measured  distance,  the  remainder  equals  the  distance 
required;  or, 


2D 


(44) 


in  which  tff=  horizontal  or  reduced  length.  This  formula 
may  be  used  in  reducing  the  various  inclined  measures  made 
over  rough  ground  in  primary  traverse  (Art.  227). 

Example:  Let  50  =  length  in  feet  of  distance  measured 
on  slope,  3  =:  difference  in  height  in  feet  between  two  ends  of 
measured  line,  then 

3*  =  9 ;     9  -^  (50  X  2)  ^  .09  (exact  formula  (41)  gives  .0908), 

If  so  —  .09  =  49.91  ^  d  =  horizontal  distance  required. 
\  219*  Correction  for  Sag. — When  the  base  measurement  is 
made  with  steel  tape  across  countr>%  and  is,  accordingly,  not 
supported  in  every  part  of  its  length  as  on  a  railway,  there  will 
occur  some  change  in  its  length  due  to  sag.  As  explained  in 
Art.  207,  where  measurement  is  made  off  a  line  of  railroad,  the 
tape  should  be  rested  on  supports  placed  not  less  than  50  feet 
apart.  With  supports  placed  even  this  short  distance  apart, 
however,  a  change  of  length  will  occur  between  them,  while 
even  greater  changes  will  occur  should  one  or  more  supports 
be  omitted,  as  in  crossing  a  road»  ravine,  etc.  As  tapes  are 
standardized  by  laying  them  on  a  flat  standard,  it  is  essential 
to  determine  the  amount  of  shortening  from  the  above  causes. 
The  following  formulas  apply: 

Let  w  ^  weight  per  unit  length  of  tape; 
/  =  tension  applied  ; 


a  ^ 


w 
7* 
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n  —  number  of  sections  in  which  tape  is  dunded  by 

supports; 
/=  length  of  any  section; 

L  =  normal    length    of    tape    or    right-line    distanfi 
between   n    marks  when    undtr   tension  =  ///, 
approximately ; 
/I  :=  reciprocal  of  product  of  modulus  of  elasticity  i 
tape  by  area  of  its  cross-section. 
If  a  tape  be  divided  by  equidistant  supports,  the  difference 
in  distance  between   the  end  graduations,  due  to  sag,  or  the 
correction  for  sag  =  dL^  becomes 

dL  ^  ^\a\nj:  -  «./,'). 

If  one  or  more  supports  are  omitted^  then  the  omission  of 
fn  consecutive  supports  shortens  the  tape  by 

'^^tn{m  +  i)(;//  +  2)^*/'; 

where  /  is  the  length  of  the  section  when  no  support^^ 
omitted. 

Example:   Let  ;/  =  6;  /  =  50  feet;   w  =  .0145  ^  weight 
in  pounds  per  foot  found  by  dividing  whole  weight  of  tape 
whole  length ;    and  /  =  20  pounds; — then 

^  ^(-/)-  ^  6XJ0  (aoMiXioy  ^  ^^^^^ 

24^  t  ^  2A        ^  20  f  ' 


dL 


14^  r  '  24      ^  20 

w^hich  is  the  length  of  sag  or  shortening  of  each  tape*length. 
This  correction  is  always  negative* 

If  in  a  certain  measure  of  a  base  there  were  86  full  tape- 
lengths,  the  total  correction  for  sag  would  be 

Cor.  =  86  X  ,0162  —  1,393  feet, 

which  is  quite  an  appreciable  quantity. 

220.  Reduction  of  Base  to  Sea-level — The  bai 
always  measured  on  a  circle  parallel  to  the  mean  sca-surfacc 
and  raised  above  it  at  an  elevation  the  amount  of  which  must 
be  know^n,  at  least  approximately.  This  circle  with  radii 
drawn  therefrom  to  the  center  of  the  earth  forms  a  triangle 
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approximately  similar  to  that  formed  by  the  radii  of  the  earth 
with  the  sea-surface.  The  length  of  the  base  at  sea*level  is 
therefore  derived  with  a  sufficient  approximation  to  correct- 
pess  by  the  proportion 

DM 

r  :  H  ::  D  :d,   or  Cor.  =  ^,    .      •      .     (45) 

which  r  =  the  radius  of  the  earth; 

H  =  the  height  of  base  line  above  mean  sea-level; 
D  —  the  measured  length  of  the  base  line; 
d  =z  the  correction  to  reduce  this  measured  length  to 
length  at  mean  sea4eveL 
An  example  of  the  form  of  such  reduction  is  the  follow- 
ing, taken  from  the  Spcarvilie  Base: 

REDUCTION    TO   SEA- LEVEL, 

^^ 

Correction .  = 

r 

log  D  (meters) . .  ,  ^  4.05956 

log  //'(meters) ^  2.87599 

Co  log  r =  3,19660 

log  1.356  meters .  ,  .  =  o.  13215 

log.  meters  to  feet =  o.  5  1 599 

4  448  feet  (always  subtractive)  .. .  .0.64814 

221.  Summary  of  Measures  of  Sections — Corrections 
>r  temperature  and  standard  having  been  made  to  each  of 

the  sections  of  the  measured  base  (Arts.  215  and  216),  the 
mean  of  the  several  measures  of  each  section  must  be  obtained 
and  the  total  length  of  the  base  will  then  be  obtained  by  sum- 
mation of  the  reduced  lengths  of  sections.  The  table  on  page 
524  is  an  example  of  the  record  of  such  summary  of  sections. 

222.  Corrected  Length  of  Base. — The  foregoing  correc- 
tions and  summations  having  been  made,  the  correct  length  of 
the  base  may  now  be  obtained  by  applying  the  corrections 
for  inclination  and   reduction  to  sea-level  both  of  which  arc 


COMPUlATlOiV  OF  BASE  MEASL'REMMNT, 

SPEARVILLE   BASE:    SUMMARY    BY   SECTIONS 

(Correcicd  for  Temperature. ) 
S.  S.  Ganmktt*  Computer, 


Stationf. 

Measure. 

Second 
Me&sure. 

Difference. 
Fir  it  —  Hft^md, 

I  to    10 
lO          20 

ao       30 

30          40 
40          50 
50          60 
60          70 
70          80 
60          90 
90        100 

100       no 
no      n9 
119      126 

r€«i. 
3,000.410 

.418 

.431 
.426 

.437 
417 
.369 
.366 

.955 

.676 

3,000.899 

2.700.581 

2,100.244  ; 

feel. 

3.000.401 
.393 
.431 
.446 
.478 
-455 
.392 
.356 
.93S 
.667 

3,000.898 

2^700.571 
2,100.234 

feet. 
-h.009 
-f.025 
-f  .000 
—  .020 
-.04t 
-,03s 
-.023 
-^.OlO 

+  017 
-f  .009 

-r.OOl 
4-010 
-h  .010 

37.806.629 

37.a06.660 

-.031         ' 

always  negative  (Arts,  2iS  and  220).     Tliis  is  done  in  the 
following  manner: 

MEAN   OF  TWO    MEASURKMEXTS. 

Correction  for  temperature  and  standard...  . .  .   37,806.645  ft, 

**  •*  inclination* O.  i/g** 

«•  **  reduction  to  sea-IeveL- . 4,448  •' 

Final  corrected  length  of  measured  base 37,802.018  ft. 

223.  Transfer  of  Ends  of  Base  to  Triang:ulation  Sig- 
nals.— In  the  foregoinj^  article  the  corrected  length  of  the 
base,  37,802.018  feet,  would  be  the  final  length  of  the  base 
as  determined  under  ordinary  circumstances — that  is,  when 
the  ends  of  the  base  line  are  also  the  astronomic  pier  and  tri- 
angulation  station  from  which  the  expansion  of  the  base  is 
made.  Occasionally »  and  especially  where  a  base  is  measured 
on  a  railroad,  it  is  impossible  to  erect  the  astronomic  pier  or 
the  trlanuglation  stations  (Art,  243)  over  the  extremities  of 
the  base,  and  it  then  becomes  necessary  to  transfer  the  meas* 
nred  length  of  the  base  to  the  triangulation  signals  and  pier, 
which  are  erected  as  near  as  possible  to  each  end. 

In  the  case  of  the  Spear vi lie  Base,  the  astronomic   pier 
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was  first  erected  at  the  northeast  extremity  of  the  base  and  a 
triangulation  signal  was  erected  near  the  railroad  track  at  the 
point  selected  for  the  southwestern  extremity  of  the  base, 
and  triangulation  was  started  by  reconnaissance  and  erection 
of  signals  prior  to  the  measurement  of  the  base  line*  Accord- 
ingly, after  the  base  had  been  measured  its  length  had  to  be 
transferred  to  the  triangulation  signals.  The  following  is  an 
example  of  the  elements  of  this  reduction, 
^^     The  end  O  (Fig,   159)  was  not  selected  at  exactly  right 


^^... 


1/ 


llG.  159,— TRAWSFEit  OF  Measured  Bask  {OOf)  to  Marked   Base  (^^J. 


gles  to  the  pier  and  station,  but  at  a  distance  a  little  be- 
yond the  extremity  of  the  pier  so  that  the  angle  between  the 
base  and   the   pier   was    less    than   90°,     These  angles  were 
carefully  measured  at  the  extremities  of  the  base  O  and   0\ 
also  the  distance  from  O  to  the  pier  at  A,  and  the  distance 
a  to   0.       Solution  of   the  right-angled   triangle  AaO   gave 
aO  =  D=,  2.864  feet.     At  the  southwest  extremity  of  the 
base  marks  were  left  at  the  125th  and  126th  tape-lengths,  and 
the  angles  read  at  these  points  between  the  measured  base  line 
^and  signal  B^  also  the  angles  at  the  signal  B  to  those  marks, 
^^^e  distance  between  them  also  being  noted  as  an  exact  tape- 
^Hength.     These  data  gave  the  elements  necessary  for  the  solu- 
^fftton  of  the  right-angled  triangles  into  wliich  the  main  triangle 
was  divided  by  the  projection  of  B  at  right  angles  to  the  base 
line  at  the  point  b,  and  the  amount  determined  by  which  the 
^^ineasured  base  was  to  be  reduced  was  b -\-  126  =  168.235  feet, 
^H      The  following  is  the  mode  of  applying  this  correction  to 
^Bhe  corrected  measured  base  length  to  get  the  secondary  base 
^B>r  the  distance  between  the  triangulation  signals : 

Re 


Corrected  length  of  measured  base. , . 

Reduciioo  from  southwestern  base  to  triangulation  sign»L . 
Reduction  from  northeastern  ba^e  to  iriangulation  station- 


37,802.018  ft. 

168,235  ** 

2,864  " 


Corrected  length  of  triangulation  base. 


37,630,919  ft* 
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224,  Other   Corrections   to  Base  Measurements. — In 

addition  to  the  simple  corrections  above  given,  which  are 
always  made  to  the  measurement  of  base  lines,  it  is  some- 
times desirable  to  determine  the  m4>dulus  of  flasticity  of  the 
metal  in  order  to  make  cor/ections  for  the  pull  in  stretching 
the  tape.  This  correction  is,  however,  often  of  doubtful 
application,  because  the  exact  amount  of  pull  at  any  time 
may  be  carelessly  noted.  It  is  far  better  and  quite  as  simple 
to  eliminate  such  corrections  by  giving  a  uniform  pull  at  all 
times,  thus  doing  away  with  the  correction  for  modulus  of 
elasticity.  Another  correction  is  for  metallic  ihermometers\ 
but  as  glass  thermometers  can  be  purchased  without  difficulty 
and  almost  anywhere,  it  seems  unnecessary  to  make  provision 
for  such  correction. 

225.  To  Reduce  Broken  Base  to  Straight  Line — ^Occa- 
sionally, because  of  some  obstacle  to  the  straight  alignment 
of  the  base  or  in  order  that  cither  extremity  may  terminate 
in  the  most  desirable  position  for  the  expansion  of  triangula- 
tion,  it  becomes  necessary  to  introduce  one  or  more  angles  in 
a  base  measurement.  This,  however,  should  never  be  done 
unless  absolutely  unavoidable,  and  then  such  angles  should 
never  deviate  greatly  from  180**.  The  correction  for  such  a 
broken  base  may  be  expressed  as  follows: 

If  the  measured  base  be  in  two  lengths.  A  and  B  and  it 
being  necessar},^  to  find  the  third  side  of  the  triangle  which 
they  form,  the  latter  being  the  straight  line  L\  then,  ^,  being 
the  difference  between  the  angle  and  180'',  we  have 


L=^  A  -\-  B  ^  o.ooooocx}423] 


ABd" 


This  formula  cannot  be  employed,  however,  where  B  isgrcatc 
than  5^,  in  which  case  the  unknown  side  will  have  to  be  com- 
puted by  the  ordinary  sine  formula  for  the  solution  of  tri* 
angles.     (Chap.  XXVII.) 


CHAPTER  XXIIL 


FIELD-WORK  OF  PRIMARY  TRAVERSE. 


226.    Traverse  for  Primary  Control. — It   is   frequently 

inexpedient,    because    of    the    relative    expense*    to    procure 

primary  control   for  topographic  mapping  by  means  of  tri- 

ngulation.     Sometimes,    especially  in   heavily  forested   and 

vel  country,  it  is  practically  impossible  to  execute  primary 

iangulation  within   any  reasonable   limits  of  time  or  cost. 

he  means  adopted    for  securing  sufficient    primary  control 

nder  such  conditions  is  by  the   running  of  traverse  lines  of 

high  degree  of  accuracy. 

Primary  traverse  does  not  differ  from  secondar^^  traverse, 

ch  as  is  executed  for  the  determination  of  topographic  de- 

lis  (Art.  87)  in  the  general  methods  of  its  execution.     It  does 

iffer  therefrom  materially  in  the  quality  of  the  instruments 

rm ployed  and  the  elaborateness  of  detail  with  which  the  field 

.ind  office  computations  are  conducted.      It   may,  therefore, 

be  likened  rather  to  the  measurement  of  a  series  of  long  and 

E broken  but  connected  base  lines  measured  in  a  manner  rather 
similar  to  that  explained  in  Art,  208,  but  with  less  care* 
As  primary  traverse  is  executed  for  control  of  topo- 
l^raphic  mapping,  it  furnishes  the  initial  coordinates  by  which 
the  topographic  map  is  fixed  in  astronomic  position.  One  or 
more  points  of  the  primar)^  traverse  must  therefore  have 
:heir  geodetic  coordinates  determined  by  astronomic  observa* 
Ion  (Part  VI)  or  by  connection  with  a  system  of  primary 
riangulation  (Chap.  XXV).  Primary  traverse  is  materially 
iiferior  in  quality  as  control  to  primary  triangulation  (Art. 
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20iy.  In  order  that  errors  occuring  in  its  execution  may  be 
vcducod,  it  is  desirable  that  the  two  extremities,  and,  if  very 
long*  a  middle  point  on  the  primary  traverse  line,  be  checked 
either  by  closing  the  traverse  back  on  itself  or  on  some  other 
adjusted  primary  traverse. 

The  best  and  in  fact  the  only  satisfactory  means  of  dis- 
tributing by  adjustment  the  errors  inherent  in  the  primary* 
traverse  is  to  connect  at  least  two  of  its  more  remote  points 
with  primary  triangulation  stations  or  astronomic  positions. 
(Chap.  XXV  and  Part  VL) 

227.  Errors  in  Primary  Traverse.— The  errors  inherent 
in  primary  traverse  are  of  three  general  classes: 

1,  Those  due  to  measurement  of  deflection  angles  or  azi- 
inuth  errors; 

2,  Those  due  to  linear  measurement  or  errors  of  distance; 

3,  Instrumental  errors. 

Probably  the  most  serious  errors  introduced  in  primary* 
traverse  are  those  due  to  the  measurement  of  the  deflection 
angles  or  the  azimuth  errors.  These  arc  of  several  kinds  and 
are  affected — 

I*   By  the  quality  and  graduation  of  the  instrument; 

2-   By  the  shortness  of  the  sights; 

3.  By  the  relative  dimensions  and  plumbing  of  the  flag; 

4.  By  the  care  exercised  in  centering  the  instrument  over 
stations. 

The  first  is  to  be  provided  against  only  by  use  of  such  an 
instrument  as  is  best  suited  to  the  work  to  be  done  and  by 
keeping  it  in  perfect  adjustment.  The  second  is  the  most 
important  source  of  error  and  is  not  to  be  confused  with  the 
irregularity  and  sinuosity  of  the  traverse  run.  This  may  be 
ever  so  winding,  yet,  if  the  sights  are  sufficiently  long  and  the 
angles  not  great,  the  errors  by  such  an  irregularity  will  not  be 
of  serious  moment*  These  errors  are  affected  by  the  third  and 
fourth  factors^  and  in  sinuous  traverses  of  short  sights  the  errors 
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in  bisecting  a  large  signal  or  any  centering  over  a  station  be- 
come matters  of  considerable  moment. 

Where  such  ordinary  care  is  exercised  as  is  indicated  in 
Articles  228  and  229^  and  in  the  instructions  Art.  251,  the 
errors  of  measurement  will  be  relatively  small.  Likewise,  the 
errors  af  instrument  should  be  small  providing  the  ordinary- 
precautions  designated  for  care  and  adjustment  of  instruments 
re  exercised. 

In  the  nuasunment  of  distance  the  most  important  source 
of  error  is : 

1.  Failure  to  keep  the  tape  horizontal; 

2.  Carelessness  in  plumbing  down  to  center  points  where 
there  is  much  inclination  and  short  tape-lengths  are  used; 

3.  Failure  to  apply  a  uniform  tension ;  and 

4.  Errors  in  count  or  record  of  number  of  tape-lengths. 
Where  the  traverse  is  over  a  good  line  of  railroad  having: 

easy  grades  and  long  tangents  the  best  results  may  be  ex* 
pccted.  In  such  case  it  is  unnecessar>^  to  keep  the  tape 
horizontal  by  lifting  it  above  the  ground,  it  being  sufficient  to 
St  it  upon  the  ties.  The  error  of  slope  on  a  good  railway 
grade  is  less  than  that  of  sag  when  the  tape  is  held  horizon- 
tally.  Under  such  circumstances  the  chief  source  of  error 
is  likely  to  be  in  the  measurement  rather  than  in  the  azimuth.. 
On  the  other  hand,  where  the  traverse  is  run  over  rough 
ground  the  inaccuracies  introduced  are  greatest  in  amount* 
Then,  as  in  running  railroads  having  short  tangents  and  con- 
sequently short  sights,  a  considerable  source  of  error  is  in  the 
azimuths,  and  even  a  greater  source  of  error  arises  from  the 
necessity  of  taking  short  tape-lengths  on  sloping  ground  and 
plumbing  down  to  center  marks.  It  is  evident,  thcrcforCp. 
that  not  only  is  greater  precision  obtained  in  measuring  over 
good  lines  of  rail  way »  but  also  the  speed  is  materially  in- 
creased and  the  cost  reduced  proportionately. 

228.   Instruments  used  in  Primary  Traverse.— ^Thc  in- 
strument used  for  measuring  azimuths  should  be  a  transit  ot 
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high  grade,  having  a  six-  to  eight-inch  circle  and  reading  to 
20  or  50  seconds.  Such  an  instrument  should  have  a  hollow 
telescope  axis  and  be  provided  with  a  lamp  and  other  attach- 
ments for  night-work.  As  an  important  source  of  error  in 
such  work  is  in  the  az;muth»  this  should  be  checked  nightl>%  if 
weather  permits,  by  observations  on  a  circumpolar  star  (Art. 
312)  at  or  near  elongation.  When  the  line  ol  traverse  is 
crooked  such  observations  should  never  be  at  intervals  greater 
than  ten  to  fifteen  miles.  When  the  route  traversed  has 
long  tangents,  distances  between  check  azimuths  may  be 
increased- 

There  are  two  methods  of  measuring  the  horizontal  angles: 

1.  By  transiting  the  telescope  and  reading  forward  deflec- 
tion angles  as  with  an  engineer's  transit  (Art.  87); 

2.  By  reading  full  circle  or  deflection  angles  from  back« 
sight  to  foresight. 

The  former  is  preferable  when  the  instrument  is  kept  in 
good  adjustment,  as  it  is  more  rapid  and  more  accurate.  The 
process  consists  in  sighting  on  rear  flag,  transiting  telescope, 
and  revolving  on  upper  circle  until  fore  flag  is  bisected  by  the 
cross-hairs.  The  angle  read  is  the  deflection  from  the  last 
sight  prolonged  to  the  new  sight  (Fig,  67)  Then  the  upper 
circle  is  again  revolved  through  nearly  180**  until  the  rear  flag 
is  again  bisected.  Once  more  the  telescope  is  transited  and 
the  fore  flag  bisected.  The  result  is  two  separate  records  and 
two  measures  of  the  angle,  one  a  single  measure,  and  the 
other  double.  Moreover,  one  pointing  is  with  telescope 
direct,  and  the  other  with  it  reversed. 

The  second  method  of  measuringthe  horizontal  deflections 
is  to  point  the  telescope  at  the  rear  flag  and  read  both  ver- 
niers as  before.  Then  with  lower  motion  clamped,  the  instru- 
ment is  revolved  horizontally  on  the  upper  plates  without 
transiting,  and  pointed  at  the  fore  flag,  and  both  verniers  are 
again  read.  The  difference  between  the  two  readings  is  the 
deflection  or  arc  through  which  the  telescope   has  been   re- 
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volved.  By  repeating  this  operation  at  least  two  measures 
are  made,  one  with  telescope  direct,  and  the  other  with  it 
reversed  and  should  be  on  different  parts  of  the  circle,     (Art, 

Distances  in  primary  traversing  should  be  measured  with 
a  three-hundred-foot  sUei  tape  of  kind  similar  to  those  em- 
ployed in  measuring  base  lines  (Art*  205),  The  tape  should 
be  tested  by  a  standard  and  be  corrected  for  average  tem- 
perature somewhat  as  in  measuring  base  lines  (Art,  216). 
Every  effort  should  be  made  to  use  OTjly  even  tape-lengths. 
As  the  tapemen,  however,  approach  the  instrument  point  a 
tape-length  must  necessarily  be  broken »  and  care  must  be 
exercised  in  the  precautions  employed  to  measure  the  frac- 
tional tape*  A  good  way  of  doing  this  is  by  having  a  three- 
hundred-foot  tape  divided  by  clear  markings  into  hundred- 
foot  lengths  and  then  to  use  a  standardized  one-hundred -foot 
steel  tape  for  measuring  the  fraction  less  than  one  hundred 
feet. 

229.  Method  of  Running  Primary  Traverse.— The  party 
organization  for  running  a  primary  traverse  should  consist  of 
live  or  six  persons;  namely,  the  chief  as  transitman,  one  re- 
cord er»  two  tapemen,  and  one  or  two  flagmen.  The  transit- 
man  directs  the  movements  of  the  other  members  of  the  party 
and  determines  directions  by  reading  angles  on  the  transit 
instrument.  He  also  reads  the  compass-needle  as  a  check  on 
the  azimuth  computation.  The  recorder  keeps  a  record  of 
the  angles  called  off  by  the  transitman,  works  up  the  mean 
pointing  as  the  work  advances,  notes  by  observation  of  the 
angles  recorded  whether  any  gross  error  has  been  made  in 
reading  of  the  transit  vernier,  and  calls  the  attention  of  the 
transitman  to  such  errors  if  any  exist.  He  or  the  chief  of 
party  also  checks  the  measurement  of  distance  by  the  tape- 
men  by  counting  rail-lengths  or  by  pacings  recording  the  same 
in  the  first  or  station  column  as  shown  in  the  example  (Art. 
I^30)»   thus    checking    the    liability   of    making   gross   erroi;s. 
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About  once  an  hour  he  also  reads  a  thermometer  held  beside 
the  tape  at  an  instrument  station. 

The  tapcmen  measure  the  distance  with  the  steel  tape, 
which  is  stretched  by  a  twenty-pound  tension  on  the  front  end 
by  the  fore  tapeman  with  a  spring-balance.  Temperature  is 
also  read  and  recorded  by  one  of  the  tapemen,  and  both  tape- 
men  keep  a  record  of  the  number  of  tape-lengths  between 
stations.  These  distances  are  worked  up  daily  into  the  notes 
kept  by  the  recorder.  The  i^-ax  flagman  gives  backsight  for 
the  transitman,  who  aligns  one  of  the  tapemen  as  a  fore  flag- 
man* Or  a  fore  flagman  may  be  employed,  when  the  speed 
will  be  increased  somewhat. 

The  initial  and  terminal  points  of  the  primary  traverse 
must  be  well  indicated  hy  permanent  marks,  as  should  numer- 
ous intermediate  points  on  the  line  of  the  traverses,  especially 
at  such  places  as  may  be  used  as  tie  points  for  other  primary 
or  secondary  control  (Art.  24S)*  All  road  crossings,  stream 
crossings,  railway  stations,  and  other  permanent  objects  should 
be  indicated  in  the  note-books,  that  they  may  furnish  check 
points  for  the  control  of  the  topographic  or  secondary  traverse 
(Arts.  14  and  16),  and  connection  with  the  leveling  (Chap* 
XV). 

230.  Record  and  Reduction  of  Primary  Traverse. — The 
following  is  an  example  of  record  and  reduction  of  a  portion 
of  a  primary  traverse  run  near  Traskwood,  Arkansas,  by  Mr. 
George  T.  Hawkins  of  the  U.  S.  Geological  Survey.  In  the 
first  column  are  given  the  distances  between  stations  in  feet, 
checked  by  counting  rail-lengths;  in  the  following  three 
columns  are  giv^en  the  readings  of  the  angles  recorded  by  the 
separate  verniers  and  their  mean;  in  next  to  the  last  col* 
umn  is  recorded  the  deflection  angle;  and  in  the  last  column 
are  given  the  computed  and  corrected  azimuths*  ^J 

The  azimuth  recorded  in  this  column  in  plain  type  is  th^^| 
carried  forward  by  computation  from  the  last  station  to  the 
station  occupied^  being  the  algebraic  addition  to  the  former 
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of  the  deflection  angle  at  the  latter.  Underneath,  in  itali- 
cized figures,  is  given  the  reduced  or  corrected  azimuth  which 
is  to  be  used  in  the  further  computations.  This  is  obtained 
by  distributing  the  error  found  between  the  last  and  the  next 
observed  astronomic  azimuth.     (Chap,  XXXI 11.) 


P 


Distance 

Vcr.  A. 

Ver,  B. 

Mean. 

Aagle. 

Azimuth, 

5u,  107 

«       /       it 

960900 
96  09  00 

96  09  00 

960900 
960900 

«      /     ** 

2760900 
2760900 

2760900 

2760900 

2760900 

9i      t      t* 

960900 
960900 

960900 
96  09  00 

96  09  00 
96  09  00 

96  0900 

00000 
00000 

443017 

(60  railt) 
itoo  fe«t 

Sti.  toS 

0 

00000 
00000 

443017 

1       (100  rails)       1 
1        3000  feet 

0 

44  3*  17 
USQQk 

Brought  forviard  from  Sia,  /oS  to  Sta,  ij^. 


(40  rails) 
1200  feel 
Sta.  133 


76  2700 
8405  00 


91  43  30 

91  43  30 

92  20  00 


92  56  30 


256  26  30 
364  04  30 


371  4300 

271  43  00 

272  19  30 

272  56  30 


76  26  45 
84  04  45 
840445 

91  43  15 

91  43  15 

92  1945 
92  19  45 

92  56  30 


Sution  iji+tio  feel  is  in 
front  of  middle  window  in 
Trvkwood  DefMi. 


7  38  00  ! 
73s  30 

+  738  15 

03630 
03645 

+  0  36  37 

34  43  15 

42  2t  30 
#  18  45 

42  58  07 

ii55  IS 


231.  Instructions  for  Primary  Traverse*  —  The  details 
in  running  primary  traverse  are  best  explained  in  the  follow- 
ing instructions,  which  govern  the  execution  of  such  work  by 
the  U.  S,  Geological  Survey: 

I.  The  instruments  to  be  used  are  a  20"  or  30"  transit; 
one  300-foot  steel  tape  graduated  to  feet  for  five  feet  at  either 
end;  one  spring-balance ;   one  100-foot  steel  tape;  two  ther- 
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jnometcrs;   four  hand -recorders;  two  flagpoles;  and  one  good 
watch. 

2.  The  party  should  consist  of:  One  chief,  as  transit- 
man;  one  recorder;  two  tapemcn,  either  of  whom  may  act 
as  front  or  rear  flagman ;  and  one  flagman. 

5,  At  each  station  the  transitman  should  proceed  as  fol- 
lows: Set  telescope  on  rear  flag,  read  both  verniers,  transit 
telescope,  set  on  front  flag,  and  read  both  verniers.  Shift  the 
circle  and  remeasure  the  same  angle  with  telescope  reversed. 
If  the  two  angles  thus  measured  differ  more  than  60",  repeat 
the  operation. 

4.  Along  a  railroad  the  operation  of  measuring  is  to  be 
conducted  as  follows :  The  front  tapeman  puts  a  20-lb.  ten- 
sion on  the  front  end  of  the  300-foot  tape  with  a  spring- bal- 
ance. He  makes  a  chalk- mark  on  the  rail,  or  places  a  tack  or 
nail  on  a  tie,  stake,  or  measuring-board,  under  the  300-foot 
mark  for  full  tape-lengths,  and  under  the  fractional  graduation 
at  stations.  The  distance  which  he  records  is  checked  by  the 
transitman  and  at  least  one  other  member  of  the  party.  The 
tack  or  nail  is  left,  surrounded  by  conspicuous  chalk-marks, 
and  the  same  process  is  continued, 

5.  The  rails  should  be  counted  by  two  others  of  the  party, 
who  also  check  the  number  of  tape-lengths  at  the  first  oppor- 
tunity. Each  station  should  be  marked  by  a  small- headed 
tack  or  pricking-needle  through  a  piece  of  white  paper  or 
cloth,  its  number  being  chalked  on  the  rail  near  where  it  falls. 
The  distance  between  stations  should  be  limited  to  the  visi- 
bility of  the  flat^poles.  Rails  or  center  of  track  must  not  be 
used  as  alignment  sights. 

6.  Along  highways  or  open  country  the  tape  should  be 
kept  level.  On  steep  slopes  a  plumb-bob  must  be  used,  either 
to  bring  the  tape  vertically  over  an  established  point  or  to  es- 
tablish a  new  one,  as  the  case  may  be.  Tape-lengths  arc 
marked  on  the  measuring-board,  tie,  or  stake  with  the  prick- 
ing-needle.    Where  slopes  are  so  steep  as  to  render  the  IcvcU 
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ing  of  the  joo^foot  tape  impracticable  a  shorter  tape  must  be 

lised. 

I      7.  The  chief  and  two  other  members  of  the  party  must 

Iceep  an  independent  count  of  tape-lengths.    The  temperature 

of  the  tape  must  be  taken  every  hour  in  the  day,      Stations 

should  be  made  at  even  tape-lengths  whenever  practicable. 

8.  Observations  for  azimuth  must  be  made  at  close  of 
each  day's  work  when  possible,  and  azimuth  stations  should 
not  be  more  than  ten  miles  apart,  except  on  long  tangents. 

9.  An  azimuth  observation  must  consist  of  not  less  than 
:hree  direct  and  three  reverse  measures  on  three  parts  of  the 

circle  between  Polaris  and  an  azimuth  mark,  to  be  made  at 
y  hour,  but  preferably  near  elongation,  and  the  place,  date, 
time,  and  watch  error  should  be  recorded* 

10.  The  watch    should   be  compared  with  standard  time 
I     often  enough  to  determine  its  error  within  ten  seconds, 

^H  II.  Where  the  line  traversed  is  very  crooked  the  instru- 
^rnent  should  be  fitted  for  observation  of  solar  azimuths,  and 
these  should  be  made  at  least  twice  in  each  day,  weather  per- 
I  mitting,  in  addition  to  Polaris  observations 
^B  12,  The  record  must  contain  a  description  of  the  starting- 
^^point  of  the  line  and  the  beginning  and  ending  of  each  day's 

I-^vork;  also^  location  of  each  railroad  station,  mile-post,  and 
Ihvitch  passed,  and  wagon-road »  stream,  land  or  county  line 
crossed,  and  connection  with  corners  of  the  public-land  sur- 
Ireys. 
I  13.  Two  permanent  marks,  either  the  copper  bolts  or  the 
ktandard  bronze  tablets  of  the  Survey,  should  be  placed  not 
less  than  500  feet  apart  at  the  beginning  and  end  of  each  line, 
Bilso  at  prominent  junction  points  from  which  other  primary 
control  hnes  may  be  started.  A  complete  description  and 
detailed  sketch  of  these  should  be  entered  in  the  note- book. 

14.  Permanent  marks  of  some  kind  should  be  left  at  such 
points  passed  during  cloudy  or  unfavorable  weather  as  it  may 
be  necessary  to  return  to  for  the  observation  of  azimuths. 
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15.  Meridian  marks,  consisting  of  two  of  the  standard  bronze 
tablets  let  into  dressed  stone  or  masonry  posts  and  placed  500 
feet  or  more  apart,  must  be  established  at  each  county  seat  passed 
in  the  progress  of  the  work. 

16.  Observations  for  magnetic  declination  must  be  made 
at  several  points  in  the  course  of  a  season's  work,  espeiially 
at  count\^  seats. 

17.  A  complete  record  must  be  kept  by  the  transitmau  in 
book  No,  9-905,  and  a  separate  record  of  tape-lengths  by  the 
front  lapeman. 

18.  No  primar)'  traverse  line  can  be  accepted  until  checVod, 
either  by  completing  a  circuit,  or  by  connecting  with  one  or  more 
accurately  located  points  (astronomic,  triangulation,  or  traverse). 

19.  Permanent  marks,  preferably  the  standard  bench-mark 
posts,  must  be  set  at  intervals  not  exceeding  8  miles;  especially 
should  one  be  set  at  prominent  junction  points  from  which  other 
primar}'  control  lines  may  be  started. 

20.  On  lines  for  the  control  of  sheet  borders  such  a  mark 
should  be  set  near  the  corner  of  each  quadrangle  and  midway 
between  the  comers,  all  such  marks  being  turning  points  in  the 
instrument  line. 

21.  If  level  bench-marks  have  already  been  established  along 
the  route  of  sun^cy,  they  should  be  lied  to,  and  may  thus  serve 
as  permanent  marks. 

22.  Write  in  original  notebook  full  and  definite  descrip- 
tions of  permanent  marks  and  of  other  points  for  which  posi- 
tions are  to  be  -computed,  together  with  a  sketch,  giving  dis- 
tance  in  feet  to  the  nearest  object  which  can  be  identified,  such 
as  miIe-posts»  schoolhoiises,  churches,  ferries,  bridges,  farm- 
houses with  names,  fences,  gates,  prominent  trees,  etc. 

23.  Trees,  fence-posts,  etc.,  along  the  traverse  line  should 
either  be  blazed  or  painted,  so  that  the  topographer  will  ha\i: 
no  difficulty  in  following  the  route, 

24.  The  transit  notes  should  be  entered  and  worked  up  in 
the  foUowing  manner; 
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Siatkm. 


loo  r»lli. 


t*i^  ft* 


Poiotinfi:  Baekaod 
Traoiited. 


Ver.  A. 


63*  4«'  <»' 

65  ov  00 

64    16  oo 


64  16  00 
a  57  30 


71  39  *> 


Ver  B. 


.45*48'«>" 
>4S  a*  ao 

144  16  00 


844  16  00 
»4i  S7  30 

aSJ3*<» 


Meaui 


65*  48'  00' 
6j  03  00 
6s  03  oft 
64    16  00 


64  16  00 

^  57    1o 

«  J7   30 

73  39  00 


Deflection 
Angle. 


Comp.  Jkx.  Remarkt, 

il?"  56'  40"  -OtwerTcd  Aiiinuth 


tf»  46*06" 

e  46  oo 

1B7  to  40 

-06 

0  46  (» 
4  4»  30 

187  10  34 

4  4t  30 

>9t  5»  10 
-  i» 

4  ♦»  30 

'9*    5«   5^ 


II  A.M.  73*. 

76  road  croMiAf . 
(Corn  per  lUtiom) 

13  M.  7J». 

On  roAd  crosting. 


232.  Cost,  Speedy  and  Accuracy  of  Primary  Traverse. 
— Primary  traverse  executed  by  the  U.  S.  Geological  Sorvey 
casts  from  three  to  five  dollars  per  linear  mile,  according  to 
the  topography  of  the  country,  and  has  avera{;jed  generally 
about  $3.50  per  linear  mile*  The  speed  made  varies  between 
two  and  ten  miles  per  day,  also  depending  upon  the  topog- 
raphy. With  parties  of  from  five  to  seven  men  the  daily  cost 
is  from  $15  to  $25. 

The  primary  traverse  lines  of  the  above  organization  are 
from  50  to  300  miles  in  length,  averaging  150  to  200  miles. 
The  closure  errors  of  such  lines  vary  within  a  wide  range,  and 
there  seems  to  be  no  accounting  for  their  erratic  character. 
They  have  been  found  to  average  from  10  to  200  feet  per 
100  miles  of  traverse,  and  their  probabk  error ^  therefore^ 
varies  between  i  :  3000  aod  1  :  50,000.  Where  the  topo* 
graphic  control  is  to  be  platted  on  a  scale  of  i  mile  to  i  inch, 
it  will  thus  be  seen  that  the  error  in  a  primary  traverse  of  100 
miles  length  may  be  a  perceptible  quantity  if  the  error  be  in 
excess  of  one  foot  in  a  mile.  Ordinarily  in  a  distance  of  100 
miles  the  error  is  so  small  that  it  can  be  practically  eliminated 
by  the  adjustment  to  the  points  which  control  the  extremities. 
(Art.  226.) 
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233.  Computation  of  Primary  Traverse. — The  compu- 
tation  of  the  primary  traverse  involves : 

1.  Correction  of  tape- lengths  for  temperature j 

2,  Correction  of  tape-lengths  for  inclination; 

3.  Reduction  of  measured  distance  to  sea-level; 

4.  Determination  of  mean  angle; 

5.  Computation  of  deflection  angle; 

6,  Correction  to  reduce  to  observed  astronomic  aiimuths; 

7,  Computation  of  latitudes  and  longitudes  of  controlling 
points  on  the  traverse ;   and 

8,  Correction  from  adjustment  to  check  astronomic  posi- 
tions. 

The  correction  of  tape-lengths  for  temperature  and  inclina- 
tion are  explained  in  Articles  216  and  219,  as  is  the  mode  of 
reducing  the  distances  to  sea-lcvcl  in  Article  220.  The 
derivation  of  the  mean  deflection  angle  is  clearly  indicated  in 
the  example  given  in  Article  230,  as  is  the  method  of  c 
pitting  and  correcting  the  azimuth. 

Under  ordinary  circumstances  the  temperature  earrei 
is  a  negligible  quantity,  as  it  is  far  less  in  amount  than  the 
other  avoidable  errors.     So  also  is  the  correction  for  inclina- 
tion^  providing  the  tape  is  held  horizontal  as  it  should  be. 

The   computed    azimuths   are   corrected    by   the    nightly 
azimuth    observations,    the    new   astronomic    azimuth   being 

538 


:d  in 

I 


CORRECnON  FOR   OBSERVED    CHECK  AZIMUTHS      S39 


adopted  in  place  of  that  brought  forwartL  In  case  of  a  small 
discrepancy  between  the  two  such  correction  should  be  uni- 
formly distributed  between  two  consecutive  azimuth  stations 
(Art.  309).  The  above  corrections  having  been  made,  latitudes 
and  departures  may  now  be  computed  (Arts.  90  and  235)  for 
each  station  commencing  at  the  initial  point  or  that  for  which 
geodetic  coordinates  have  been  previously  obtained.  Such 
latitudes  and  departures  are  computed  one  from  the  other, 
dimensions  being  in  feet»  the  sum  of  latitudes  beiXg  converted 
into  seconds  to  give  differences  in  latitude,  and  the  sum  of 
departures  into  seconds  to  give  seconds  in  longitude. 

234.  Correction  for  Observed  Check  Azimuths.^ — The 
method  of  correcting  the  computed  azimuths  by  the  observed 
check  azimuths  is  illustrated  in  the  example  in  Art.  230. 
Azimuth  was  observed  at  Traskwood  between  stations  133 
and  134»  and  was  found  to  be  42^  55'  15",  The  azimuth 
brought  forw^ard  from  the  last  azimuth  station »  26  instrument 
stations  distant,  was  42^  58'  07",  The  difference  between 
the  observed  and  the  computed  azimuth  at  Traskwood  was 
2'  52"*  There  were  accordingly  172"  to  be  distributed  be- 
tween the  26  stations,  or,  giving  the  proper  algebraic  signs, 
the  correction  amounted  to  06''. 5  per  station. 

The  convergence  of  meridians  subtracted  from  the  apparent 
error  in  aximuth  2'  52",  gives  the  actual  error  of  the  computed 
azimuth.  Table  XXX  gives  the  convergence  of  meridians  for 
every  six  miles.  As  the  distance  in  longitude  in  the  above  ex- 
ample was  three  miles^  the  convergence  for  the  mean  latitude, 
34**  30',  amounts  to  T  45",  This  from  tlie  apparent  error 
2   52"  shows  the  actual  azimuth  error  to  be  i'  07". 

Convergence  of  meridians,  which  is  the  amount  by  which 
they  approach  from  their  greatest  distance  apart  at  the  equator 
until  they  intersect  at  the  pole,  may  be  determined  approxi- 
mately by  the  rule:  **  A  change  of  longitude  of  one  degree 
changes  the  azimuths  of  the  straight  line  by  as  many  minutes 
as  there  are  degrees  from  the  latit^jde  of  the  place/' 


540 


COMPUTATION   OF  PRIMARY   TRAVERSE^ 


Table  XXX. 

CONVERGENCE  OF  MERIDIANS  SIX  MILES  LONG  AND  SIX 
MILES  APART. 


(From  U,  S.  Land  SurTef  ManuAl.) 

Con  ter  geiice. 

pef  Ruiife. 

Lodgiiyde. 

CKtcrac* 

UUtude. 

of  Lalitidc 
foriNJlt 

On  ihc 
Paralkl. 

AliKic, 

In  Are. 

Id  Tiae. 

Ar^  of  1". 

ia  Arc 

• 

Feet. 

'     ** 

^ 

Seconds, 

Feet. 

30 

«4^7 

3     0 

6    0.36 

34.09 

87.9 

31 

38.8 

3     7 

6    4.03 

34.27 

87.1 

32 

30.0 

3  15 

6    7.93 

24.53 

86.  t 

o".*;! 

33 

31  2 

3  23 

6  12.00 

24.80 

85.1 

34 

32.4 

3  30 

6  16.31 

25.09 

84.2 

35 

33.e 

338 

630.95 

25.40 

83.2 

36 

34.8 

3  46 

625.60 

25.71 

82.3 

37 

36.1 

3  55 

630,59 

26,04 

8M 

.o.'J70 

38 

37.  S 

4     4 

635.81 

26.39 

80.  t 

39 

38,8 

4  13 

641.34 

26.76 

78.9 

40 

40.2 

4  2a 

647.13 

27.  U 

77.8 

4t 

41.6 

4  31 

6  53.22 

27.55 

76.7 

42 

432 

4  41 

6  59.62 

27.97     1 

75.5 

a'«9 

43 

44.7 

4  51 

7    6.27 

28.42 

74.3    1 

44 

46.3 

5     1 

7  1344 

28.90 

73.1 

45 

47.9 

5   12 

730.93 

29*39 

71.0 
70.6 

1 

46 

49^6 

5  23 

7  28.81 

29.92 

47 

51.3 

5  34 

737.10 

30.47 

69.3 

o.'8«» 

48 

53*2 

5  46 

7  45.79 

3t.o5 

68.0 

49 

5S.I 

5  59 

7  55*12 

31^67 

66.7 

50 

57- 1 

6   12 

8    4.90 

32*33 

65.3 

o.'M» 

235.  Camputation  of  Latitudes  and  Longritudes.— The 

following  is  an  example  of  the  form  employed  in  the  United 
States  Geological  Survey  in  computing  the  differential  lati- 
tudes and  longitudes  of  the  several  traverse  stations.  This 
is  almost  identical  with  the  method  already  described  f<>f 
computing  latitudes  and  departures  (Art.  90), 

While  the  form  here  used  is  apparently  complicated*  it  ii 
in  reality  very  simple  and  condensed.      Instead  of  the  loga- 
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rithms  of  the  distances  being  arranged  as  separate  columns 
for  addition  to  the  sines  and  cosines  of  the  azimuthi  to  obtain 
respectively  the  logarithms  of  distances  in  longitude  and  lati- 
tude, they  are  arranged  here  in  one  column.  When  the  loga- 
rithm of  cosine  is  to  be  added  to  the  logarithm  of  distance 
the  logarithm  of  the  sine  is  covered  by  a  lead-pencil  or  slip  of 


Staiioo.           ' 

Diiiance 
and  Aztmuth.       1 

Lo^rithmi 

107  to  108 

1800 
44-   3^   10' 

3*25527 
9.84568 
9.85322 

Log  of  disL 
Sine  of  az« 
Cosine  of  az. 

S.I0ii4if 
SA00B5 

Log  of  dist,  -|-  Jog  C09  az. 
Log  of  djst.  4*  'og  sine  az. 

108  to  109 

3000 

44-    30'  04" 

3.47712 
9.84567 
9.S5323 

Log  of  dist. 

Sine  of  az.                                     ' 

Cosine  of  az. 

Wist  fm  - 

3.S3035 
3.Sef79 

Log  of  dist.  -h  log  cos  az.        ' 
Log  of  dist.  -f  log  sine  az. 

132  to  133 

I300 

42'    IS    45" 

3.07918 
9.83813 

9  86893 

Log  of  dist. 
Sine  of  az. 
Cosine  of  az. 

i 

SautkSSrfi. 
iVest  sm  - 

S,94Stl 

Log  of  dist.  -f  log  cos  az. 
Log  of  dist.  -h  log  sine  az. 

133  + 130  fl. 

130 

42'    55'  15" 

2  1^394 

9^83314 
9.86468 

Log  of  dist. 
Sine  of  az. 
Cosine  of  az. 

S0»i4  96  ft. 
West  8ft  ** 

I.9?SGf 
1. 9470s 

Log  of  disi.  H-  log  cos  az. 
Log  of  dist,  -f  log  sine  ai. 
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paper,  and  the  sum  is  placed  in  the  fourth  Une»  marked 
**  Logarithm  Distance  +  Logarithm  Cosine/'  Likcmsc  when 
the  logarithms  of  sines  and  distances  are  added  the  logarithm 
of  cosine  is  blocked  out  and  the  result  put  in  the  last  line. 
The  number  corresponding  to  the  logarithms  in  the  last  two 
lines,  as  obtained  from  a  table  of  logarithms  (Tables  V  and 
VI),  is  given  on  the  left  end  of  this  line  opposite  the  word 
•*  South  *'  or  **  West  "  as  the  case  may  be,  and  is  in  feet.  In 
computing  primary  traverse  a  five-  or  seven-place  table  of  loga- 
rithms should  be  used  as  in  all  other  primary  computations, 

236.  Corrected  Latitudes  and  Longitudes. — The  lati- 
tudes and  longitudes  as  computed  in  the  last  article  are  their 
respective  amounts  in  feet,  and  may  be  used  in  this  form  in 
phatting.  That  these  may  be  reduced  to  their  geodetic 
coordinates  and  finally  corrected  by  adjustment  to  observed 
astronomic  positions  (Art.  309)  the  computation  is  continued 
as  follows: 

All  northings  and  southings  and  all  eastings  and  westings 
are  added  together,  and  the  differences  of  north  and  south  and 
of  cast  and  west  are  obtained  by  algebraic  summation.  In 
the  following  example  the  line  was  run  in  one  direction;  and, 
accordingly,  there  is  no  sum  of  norths  to  be  subtracted  from  a 
sum  of  souths,  nor  easts  to  be  subtracted  from  wests.     Thus: 


j 


Souih* 
1284 
2140 

X 

X 

887 

95 


Wcsi. 
1262 
2103 

X 

X 

808 

89 


I 


37,860  =  Total  South  20,644  =  Total  West 

The  total  south  and  west  is  changed  to  arc  by  adding  the 
arithmetic  complement  of  the  logarithm  of  the  value  of  one 
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second  of  arc  in  meters  to  the  constant  for  reducing  feet  to 
meters.  To  this  sum  is  hnally  added  the  logarithm  of  the  total 
distance  in  feet  of  southing  to  get  latitude.  The  number  corre- 
spondtng  to  the  sum  gives  the  correction  or  change  of  latitude 
in  seconds.  The  same  operation  is  performed  to  obtain  the 
corrections  in  longitudes  or  departures,  by  adding  to  the  total 
^-esting  in  feet  the  logarithmic  constant  of  feet  to  meters,  and 
the  a.  c-  log.  value  of  one  second  in  meters.     Thus: 

a,  cu  I09.  value  1"  In  meieri..  8.51135  lo^.  total  west  (Lone.)  ao^ii-  -  -**.    |*3M79 

lof^.  rc<)uc.  ft   to  metej-ft.     .     ^.48401  lof;.  ft.  to  tnctcrv ,,.. 94^401 

log.  total  south  (Ul  J  3 786 J. »  4- 37«' 8  loff  ^,  Tabic  XXXVII .,.    8.509b6 

I^t.  cor.  =  ji74''.49(No.).....  as734«Uo|r.)  Lojf,  Secant  Z.' 008374 

^H^  Long,  correctioa  ~  ■i^t*',^)  l^o.).-   a.jijifto  (log  > 

^^  The  logarithmic  value  of  one  second  is  obtained  for  the 
example  by  finding  in  Table  XXIV,  opposite  the  approximate 
latitude  34**  30',  the  length  in  meters  of  one  degree  of  arc, 
1 10,919,  This  divided  by  3600''  gives  the  value  of  one  second, 
30.813.  The  logarithm  of  this  is  1.48875,  and  its  arithmetic 
complement  is  8.51 125.  The  logarithm  of  the  constant  for 
reducing  feet  to  meters  is  derived  from  Table  XLIIL 

The  latitude  and  longitude  of  the  last  station,  say  Benton 
Depot,  being  known,  those  of  the  next  station,  as  Traskwood 
Depot,  are  obtained  by  adding  to  or  subtracting  from  the 
former  according  as  it  is  north  or  south,  i.e.,  plus  or  minus, 
the  amount  of  change  in  minutes  and  seconds  between  the 

fo.     Thus: 
Latitude.  Lonfi^itude, 

34*    33'     ii".9'»        8<|itort  Depot  (middle  window) .....5a*     35'     i8".63 
—  6     14.    49        Correction  for  new  po4iiit>n « ,         -r  4      06.  49 

>4*    it*    57''-43        Trankwood  D« pot  (middle  window) 9a*    J9'    •5'^Ia 

^m  If  now  this  primary  traverse  has  been  run  between  an  ob* 
served  astronomic  position  at  Little  Rock  and  another  astro- 
nomic position,  say  at  Fort  Smith,  Arkansas,  the  latitudes 
fid  longitudes  as  brought  through  by  the  primary  traverse 
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computation  from  Little  Rock  to  Fort  Smith  will  be  in  error 
by  a  certain  number  of  seconds.  This  error  may  be  dis- 
tributed by  dividing  its  amount  in  seconds  by  the  distance  in 
miles,  and  the  correction  per  mile  applied  to  the  various 
computed  positions.  Or,  providing  known  portions  of  the 
traverse  are  for  any  reason  more  liable  to  be  in  error  than 
others,  arbitrary  weights  may  be  applied  in  distributing  the 
error.  A  rigid  adjustment  by  the  method  of  least  squares 
is  scarcely  v^arranted  by  the  quality  oi  the  work  and  the 
number  of  conditions.     (Art,  264. J 


CHAPTER  XXV. 

FIELD-WORK  OF  PRIMARY  TRIANGULATION. 

237.  Primary  Triangulation.— The  purpose  of  primary 
triangulation  is  the  determination  of  the  relative  position  upon 
the  face  of  the  earth  of  various  commanding  points.  This 
operation  involves  a  knowledge  of  the  astronomic  position  of 
some  initial  point,  as  an  extremity  of  a  base  line  or  some 
other  known  point ;  and  of  the  distance  in  standard  measure 
between  the  initial  and  some  other  intervisible  point,  as  the 
two  extremities  of  a  base  line  or  the  imaginary  line  joining 
two  known  triangulation  positions. 

The  operations  of  triangulation  involve  the  measurement 
)f  the  angle  at  the  initial  point,  between  two  intervisible 
ioints,  the  position  of  one  of  which  is  known;  also  the  angles 
i^t  the  other  two  points,  thus  giving  the  three  angles  of  the 
iangle.  Finally,  with  the  known  length  of  one  side  and  the 
iree  measured  angles  of  the  triangle,  the  other  sides  of  the 
riangle  may  be  computed.     (Art.  259.) 

Triangulation,  as  executed  in  connection  with  geodetic  and 
)pographic  operations,  may  be  divided  into  three  kinds  ac- 
cording to  its  precision: 

1.  Primary  triangulation,  with  sides  varying  from  15  to 
I  JO  miles  or  more  in  length,  and  executed  with  the  best  in- 
'>tniments  in  the  most  accurate  manner; 

2.  Secondary  triangulation,  with  sides  from  5  to  40  miles 
in  length,  executed  with  surveyors*  transit  or  with  plane- 
table;  and 
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3.  Tertiary  triaugulation,  with  sides  less  than  10  miles  in 
length,  executed  in  the  progress  of  the  second,  and  consist- 
ing of  unoccupied  locations  or  of  resections  from  primary  and 
secondary  locations. 

Primary  triangulation  should,  if  possible^  be  expanded  in 
iuch  manner  as  to  form  quadrilateral,  pentagonal,  hexagonal, 
and  other  standard  figures  (Art.  238)  by  which  combinations 
of  angles  may  be  obtained  in  order  to  strengthen  the  com- 
ponent angles  in  the  course  of  the  computations.  These  6g- 
ures  arc  verified  by  the  angles,  and  at  intervals  the  precision 
of  the  whole  scheme  of  triangulation  is  verified  by  the  meas- 
urement of  additional  primary  base  lines  with  the  accompany- 
ing astronomic  determinations  of  coordinates. 

238.  Reconnaissance  for  Primary  Trian^lation. — The 
term  reconnaissance  is  generally  meant  to  embrace  all  those 
investigations  of  a  region  about  to  be  triangulated  which  pre- 
cede the  actual  field-work  of  base  measurement  (Art.  202) 
and  the  measurement  of  angles  (Art.  252).  Where  the  re- 
connaissance is  preliminar}'  to  the  execution  of  triangulation 
of  the  highest  degree  of  precision,  as  for  geodetic  investiga- 
tions, it  should  be  thorough  and  exhaustive  and  should  de- 
velop every  possible  scheme  of  triangulation. 

Ordinarily  a  reconnaissance,  while  hastily  made,  should 
develop  the  most  practical  scheme  of  figures  and  afford  such 
information  as  will  add  to  the  economy  and  rapidity  of  the 
work  of  angle  measurement.  The  reconnaissance  should  be 
made  with  a  view  to  avoiding  as  far  as  possible  the  necessity 
of  occupying  elevated  structures,  as  observing  scaflfolds  (Art, 
245) ;  also  the  longest  lines  or  the  highest  peaks,  as  the  clouds 
which  surround  the  latter  will  impede  progress,  while  lines 
having  greater  length  than  one  hundred  miles  invariably  delay 
progress  of  the  work.  Lines  of  sight  should  be  avoided 
which  pass  closely  to  the  ground  or  to  the  vertical  surface  of 
any  object,  as  a  building,  because  of  the  liability  to  lateral 
refraction.     In  the  course  of  the  reconnaissance  sites  for  check 
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base  lines  should  be  sought  every  150  to  200  miles,  or,  say» 
every  eight  or  ten  figures^  depending  on  the  length  of  the 
bases. 

In  the  conduct  of  a  rccannaissance  little  difficulty  will  be 
encountered  where  the  elevations  arc  great  and  the  summits 
comparatively  clear  of  timber.  If,  on  the  other  hand*  the 
summits  are  heavily  wooded  and  comparatively  uniform  in 
height,  the  greatest  skill  will  be  required  and  the  slowest  prog- 
ress made  in  selecting  intervisible  points  which  are  most  favor- 
ably situated  for  the  extension  of  the  triangulation  and  the 
formation  of  the  most  satisfactory  figures.  In  the  flat,  com- 
paratively  level  country'  of  the  plains  of  Kansas,  Nebraska, 
and  thereabouts,  triangulation  may  be  practically  laid  off  as  on 
paper,  the  points  selected  being  made  intervisible  by  means 
of  high  signals  (Art.  244),  and  the  length  of  the  sides  being 
limited  only  by  the  curvature  of  the  earth  (Art.  239)  and 
the  height  of  the  signals.  If  the  same  class  of  countr>^  is 
heavily  covered  with  forests,  the  lengths  of  the  lines  will  be 
governed  by  the  labor  and  expense  of  clearing  them. 

The  outfit  required  in  making  a  reconnaissance  includes 
(i)  a  small  theodolite,  with  circle  reading  by  vernier  to  min* 
utes;  (2)  a  compass-needle  attached  to  the  theodolite  for 
determining  the  magnetic  direction ;  (3)  an  aneroid  barometer; 
(4)  a  100-foot  steel  tape;  (5)  a  prismatic  compass;  and  (6)  a 
protractor,  scale,  and  paper  for  platting  the  reconnaissance 
triangulation  as  it  progresses,  in  order  that  the  position  of 
the  points  sighted  may  be  approximately  ascertained.  Also 
the  best  available  existing  maps  of  the  country,  and  only  such 
camp  outfit  (Chap.  XXXVIII)  and  assistants  as  will  permit  of 
the  execution  of  the  work  and  least  impede  the  rate  of  progress. 

In  making  the  reconnaissance  it  is  necessary  to  keep  stead- 
ily \n  view  not  only  the  limitations  imposed  by  the  necessity 
of  selecting  well-conditioned  figures,  but  also  that  the  most 
rigid  requirements  may  be  modified  in  accordance  with  the 
special  features  of  the  country  as  they  are  developed  by  the 
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reconnaissance.  Hence  the  best  plan  of  triangtilation  will  be^ 
that  which  not  only  satisfies  the  conditions  prescribed,  butj 
will  be  most  effective  in  its  results  and  economic  in  its  exc- ' 
cution. 

Among  the  more  important  of  these  requirements  are: 

I.   Assured  intervisibility  of  stations; 

2*   Selection  oi  the  higher  summits; 

3.  Maximum  length  of  line  within  a  limit  of  lOO  miles; 

4.  Angles  not  in  excess  of  120  or  less  than  30  degrees; 

5.  The  formation  of  the  simplest   and  strongest  figureg 
practicable ; 

6.  The   greatest  area  in   view   in  order  that  the  largest 
number  of  intermediate  stations  may  be  sighted ;   and 

7.  A  consideration  of  the  altitude  to  which  the  instrument^ 
must  be  raised  in  order  that   the  visual  ray  may  pass  above 
intermediate  obstacles. 

The  first  thing  to  be  borne  in  mind  in  planning  a  triangula*] 
tion  is  that  the  stations  chosen  shall  form  well-conditioned  ori 
standard ^jf/ir/^  (Art.  273),  and  that  each  triangle  in  the  figures 
shall  be  as  nearly  equilateral  as  possible.  To  this  end  no 
angle  should  be  smaller  than  30  or  greater  than  120  degrees, 
except  in  quadrilaterals,  where  a  few  degrees  more  latitude 
may  be  permitted  in  the  size  of  the  angles.  Hexagonal 
figures  cover  the  largest  areas,  while  quadrilaterals  secure  the 
greatest  degree  of  accuracy.  On  the  other  hand  hexagonal 
figures,  because  of  the  disposition  of  the  stations,  tend  to 
retard  linear  progress  and  should  be  avoided,  as  should 
quadrifaterals  with  open  diagonals  when  direct  and  not  areal 
progress  is  sought,  Ouadriiaterals  with  observable  diagonals, 
w^hile  giving  the  strongest  figures,  adapt  themselves  least  to 
the  topography  and  are  found  to  be  relatively  difficult  figures. 
pentagons  and  quadrilattrals  wiih  central  stations  readily  con* 
form  to  the  configuration  of  the  country''  however  complex 
or  difficult,  and  give  figures  of  considerable  strength. 

In  the  course  of  the  reconnaissance  extensive  notes  should 
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made  of  the  character  of  the  country,  the  difficulties  of 
travel,  facilities  for  transportation,  methods  of  climbing  the 
ious  summits,  the  routes  to  them,  stopping-placesi  etc, 
rizontal  and  vertical  angles  should  be  taken  on  all  promi- 
t  peaks  and  objects,  even  though  it  is  not  expected  to  in- 
clude them  in  the  triangulation  scheme*  The  reconnaissance 
scheme  should  be  kept  platted  up  each  day  to  scale  in  order 
to  facilitate  the  finding  of  such  stations  as  have  already  been 
selected,  by  determining  the  angles  to  them  from  known  points 
and  to  thus  aid  in  their  recognition  from  new  stations. 

239.  Intervisibility  of  Triangulation  Stations. — The  fol- 
lowing table,  prepared  by  Mr.  R.  D.  Cutts  of  the  U.  S.  Coast 
Survey,    is   of   use   in   reconnaissance    in   deciding   upon   the 
height  of  signals  and  observing  scaffolds  to  be  erected.      The 
^^e  of  sight  from  the  telescope  to  the  signal  should  never 
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pass  less  than  6  feet  above  the  earth's  surface  at  the  tangcit 
point,  and  should  be  higher,  if  possible,  to  reduce  errors  from 
unequal  refraction. 

square  of  distance  A** 

mean  diameter  of  earth  ~  2R* 


Curvature  ^ 


(47) 


Log  curvature  =  log  square  of  distance  in  feet  —  7.6209807. 

(4«) 


A'' 
Refraction    =:  ^'", 


where  K  =  the  distance  in  feet ; 

A' ;=  mean    radius  of  the  earth  (log  i?^  ^  7.3199507); 

and 
m  =  the  coefficient  of  refraction^  assumed  at  .070,  its 

mean  value,  seacoast  and  interior, 

A'* 

Curvature  and  refraction  =  (i  —  2w)— .        .     (49) 

Or,  calling  It  the  height  in  feet,  and  AT  the  distance  in  statute 
miles,  at  which  a  line  from  the  height  //  touches  the  horizon, 
taking  into  account  refraction,  assumed  to  be  of  the  same 
value  as  in  Table  XXXI  (0.70  for  one  mile),  we  have 


I 
\ 


K^ 


'7575 


and     //  = 


A" 
1.7426' 


An    approximate,    yet    comparatively   accurate,  empirical 
formula  for  determining  the  combined  effect. of  curvature  an* 

refraction  is 


1 


Curvature  and  refraction,  in  feet  =  0.574  (distance  in  milcs^ 

The  following  examples  will  serv^e  to  illustrate  the  use  of 
the  preceding  table: 

1.   EUxHitwn  of  Instrument  rtquired  to  Ot'ircome  Curiatun 
and  Refraction, — Let  us  suppose  that  a  line,  A  to  By  was 
in   length  over  a    plain,   and    that    the    instrument 
elevated  at   either  station,   by  means  of  a  tripod| 
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a  height  of  20  or  30  or  50  feet.  If  we  determine  upon 
i.7  feet  at  A,  the  tangent  would  strike  the  curve  at  the  dis- 
ice  represented  by  that  height  in  the  table,  viz.,  8  miles, 
iving  the  curvature  {decreased  by  the  ordinary  refraction) 
10  miles  to  be  overcome.  Opposite  to  10  miles  we  find 
^•4  feet,  and  a  signal  at  that  height  erected  at  B  would, 
[[nder  favorable  refraction,  be  just  visible  from  the  top  of  the 
ripod  at  Af  or  be  on  the  same  apparent  level.  If  we  now 
Jd  8  feet  to  tripod  and  8  feet  to  signal-pole,  the  visual  ray 
irould  certainly  pass  6  feet  above  the  tangent  point,  and  20 
pet  of  the  pole  would  be  visible  from  A. 

II.  Elevations  required  at  given  distances. — If  it  is  desired 
ascertain  whether  two  points  in  the  reconnaissance,  esti- 

lated  to  be  44  miles  apart^  would  be  visible  one  from  the 
^ther,  the  natural  elevations  must  be  at  least  278  feet  above 
aean  tide,  or  one  230  feet,  and  the  other  331  feet,  etc.  This 
jpposes  that  the  intervening  country  is  low,  and  that  the 
round  at  the  tangent  point  is  not  above  the  mean  surface  of 
ihc  sphere.  If  the  height  of  the  ground  at  this  point  should 
be  200  feet  above  mean  tide,  then  the  natural  elevations 
should  be  478,  or  430,  and  531  feet,  etc.,  in  height,  and  the 
line  barely  possible.  To  insure  success,  the  theodolite  must 
be  elevated,  and  at  both  stations,  to  avoid  high  signals. 

III,  To  determine  ivhetker  the  linr  of  sight  between  twa 
fations  ivould  pass  above  or  below  the  summit  of  an  intervening 

and  how  much  in  either  case,     (Fig,  1 60.) 


FlO.    160.— iNTERVISiaiLlTY  OF   OBJECTS. 


ill  3s  height  of  tower  station. 
it  ==  height  of  higher  station. 
k%  =:  height  of  intervening  hill. 


di  =  distance  hi  to  ki, 
tix  ^  distance  /t^  to  kf 
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Example  I, 

hi  =  600  feet. 
h%  =  2000  feet* 
Ai  =  1540  feet* 
4%  =   54  miles. 

d%  =■      10  miles. 


600  fcec  strikes  horizon  at        51,5  miles, 
64  -  32-3  =  31-7  miles     —    577     icei, 
31.7  —  10  —  21.7  miles        =    270     feel, 
2000  =  577  feet  =  1433      feet. 


—  =  6.4  and  — — 

10  6.4 


=    222,3  ^««t. 


and  Aj»  or  beighi  of  line  at  A^  =  1423  +  270  —  222.3  =  MTo  f*«t* 

Hence  the  line  passes   130.7  feet  above  the  intcrvctiing 
hill  and  the  stations  are  intcrvisible. 
Example  IL 


Ai  =  9CX3feet. 
At  =  3600  feet. 
if  =  1980  feet, 
,/,  =      55  miles. 


900  feet  strikes  horizon  at  39,4  mi 

80  miles  —  39.4  miles  =  40,6  miles    =    946.0  feet 


40.6  —  25.0 

3600  feet  —  946  feci 


80  ,  2654 

di  —     25  miles.         —  =£  3,2  and  — ^ 
25  3.2 

and  k  -  2654  -f  139S  -  829.4  =  i964,4Jeel* 


=  15,6  miles    =    139. S  feet, 
=  2654.0  feet, 

=    829.4  feet^ 


I 


Hence  the  summit  at  //,  is  15.6  feet  higher  than  the  lioe 
of  sight,  and  the  two  stations  are  not  intemsible. 

If  wc  elevate  the  instrument  60  feet  at  //,»  the  line  would 
pass  clear  of  //^,  or  its  height  at  that  point  would  be  2006 
feet . 

The  question  of  intervisibility  may  be  also  detcnmini 
the  following  formula,  in  which  the  coefficient  of  refraction 
is  reduced  to  .065  : 


e  2006    , 


/i^A,  +  (/f, -//,V— ^— ^o.58o3<rf,.    .     .     (SC 
"i  ~r  "9  ^ 

Example  III.  Same  data  employed  as  in  Example  I. 

(//,  -  h,)-  1400  feel.         log  (At  -  hi)        =3.14613     d,  —  54  miles  1.733 
j^  =      54  miles.       log  </|  =  1.73239    *f*  =  i«  miles  1.0 

4-  d%  =      ^A  miles*       Co.  log  (^/i  -f  d%)  =  8.19382     Constant  9.763 


tiSi  2  feet 


3.07234     313,4  feci 


l^ncc  A  =600  feet  +  uei.2  -  313.4  =  1467-8  feet. 
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240.  Accuracy  of  Triang^lation.— The  precision  of  a 
scheme  of  primary  triangulation  is  dependent  upon  several 
related  quantities;  notably  — 

K  The  precision  of  the  astronomic  determination  of  the 
geodetic  coordinates  of  the  initial  point. 

2.  The  precision  with  which  the  base  Hoe  on  which  the 
^triangulation  is  dependent  has  been  measured. 
^H      3.  The  care  taken  in  gradually  transferring  the  short  length 
P    of  a  base  through  expansion  to  the  longer  sight  lines  of  the 
I     triangles. 

4.  The  errors  inherent  in  the  measurement  of  the  angles 
of  the  triangulation.  including  those  due  to  instrument  as  well 
as  signal. 

The  probable  error  of  an  astronomic  determination  (Art, 
327)  is  considerably  greater  than  that  of  the  measure  of  a  base 
line  and  nearly  as  great  as  that  introduced  within  the  expan- 
sion of  the  triangulation.      A  base  line  can   readily  be  meas- 
ured with  a  probable  error  far  less  than  that   which   can  be 
aintatned  in  the  execution  of  the  triangulation  (Art.  2I3), 
It  is  impossible  in  triangulation  to  maintain  an  accuracy  at 
11  approaching  that  of  the  base    measured  with  a  probable 
"^^cjr  of  yinrlirTny*  v^hW^  an  accuracy  of  even  j^^^j^^  is  difficult 
maintain  in  an  extended  triangulation.     The  accuracy  of 
he  base  is  lost  partly  in  the   base  figure  and  is  rapidly  dissi- 
lated  in  the  adjacent  expansion.     The  figures  used    in  ex- 
nding  a  base  line  through  the  net  of  triangles  to  the  outer 
iangles  are,  therefore,   of  great   importance.      Ideally  they 
lioutd  be  a  series  of  quadrilaterals  with  diagonals  intersect- 
g  at  right  angles.     The   lengths  of  their  sides  should  be 
increased  in  a  ratio  of   1    to  2  or  3,   thus  requiring  two  or 
three  steps  or  series  of  figures  in  the  expansion  to  reach  the 
outer  triangulation  scheme.      (Fig.  161). 

241.  Instruments. — The  various  tools   employed  in  the 
easurement  of  angles  of  a  scheme  of  primary  triangulation 
be  classed  under  two  general  heads: 


.flMlI^^OS^K  or  rSJMASr    TKIANGUIATJOK, 


is  for  fneasurine  horuontal  angles;  aiMl 
or  objects  upon  which  to  obsenre, 
^  practicatly  only  one  form  of  instruineTit  em- 
libe  nieastirement  of  honzontal  ang{es»  and  this  is 
y.  In  its  general  charact eristics  it  re- 
^s  transit  (Art*  85),  from  which  it  differs 


iaa  that  the  telescope  does  not  transit  or  re- 
jh  180  deg^rees  in  the  wyes; 
X^  blfefpedal  care  exercised  in  making  the  instrument, 
^  m  ifeie  accuracy  of  centering  and  fitting  the  ver- 
attformity  of  graduation ;  and 
of  ibc  telescope  and  horizontal  circle,  and 
die  graduations  upon  the  latter. 
tlwodolttes  were  so  constructed  that  the  circle 
mrmkrs^  and  in  order  that  a  proper  degree  of 
be  attained  they  were  made  excessively  large, 
16  to  30  inches  in  diameter.  Experience 
er,  that  with  the  aid  of  micrometer  micro* 
'  |Att*  24a)  greater  accuracy  of  measurement  can  be  had 
kjr  naie  of  an  instrument  having  a  horizontal  limb  not  exceed- 
log  tl  inches  in  diameter;  while  work  which  is  sufBciently 
neoiffate  for  all  the  purposes  of  an  ordinary  tnangulation 
be  executed  with   theodolites  having  circles  of  8  inches 

tef. 

In  Fig.  161  are  indicated  two  t)T>ical  expansians  of  ike 
^ft  AB,  by  means  of  nearly  ideal  figures.  The  first  is  by 
^nUrgetnent  to  the  quadrilateral  ACBD\  the  second  would 
be  employed  when  signals  could  not  be  observed  in  the 
iljf^tion  C  and  would  be  by  expansion  to  the  quadrilateral 
ABDF-  An  especially  strong  pentagonal  figure  is  formed 
lAen  all  these  directions  can  be  sighted.  From  these  expan- 
jioa  nwy  be  made  to  the  still  longer  sides  of  the  quadrilateral 
the  pentagonal  figure  GHIFE, 


INSTSUMEaVTS, 
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Where  superior  theodolites  are  employed  it  has  been 
found  that  the  probable  error  of  the  measure  of  a  direction 
may  vary  between  i  and  5  seconds  of  arc.  Some  of  the 
best  work  of  the  U.  S.  Coast  Survey  has  given  results  vary- 
ing between  .6"  and  *75'^  Any  triangulation  in  which  this 
does  not  exceed   i"  may  be  classed  as  of  the  highest  order. 


Fig.  i6k— Bask  Expansion. 


ax 
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Measures  attaining  accuracy  of  from  2  to  5  seconds  are  suf- 
ficiently refined  for  all  the  ordinary  purposes  of  a  primary  tri- 
angulation outside  of  those  required  in  geodetic  investiga- 
tions. 

The  latest  direction  theodolites  used  by  the  LL  S.  Coast 
urveyhave  circles  of  12  inches  diameter  with  double  centers, 
he  outer  center  of  cast  iron,  and  the  inner  of  hardened  steel. 
The  inner  center  and  socket  are  made  with  great  precision ; 
the  outer  center  and  socket  are  well  made,  though  constructed 
with  less  precision,  as  this  center  serves  only  for  shifting  the 
position  of  the  circle  and  not  for  the  reading  of  angles.  The 
Itdade,  by  which  is  meant  everything  above  and  including 
the  graduated  circle,  the  wyes,  and  the  telescope,  is  supported 
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or  films.  These  are  similar  to  the  cross-hatrs  of  the  eye- 
piece of  a  telescope*  The  instrument  consists  of  three  sepa- 
rate parts : 

K  The  microscope  tube,  carrying  the  lenses  for  magnify- 
ing  the  divisions  on  the  circle  and  the  hairs ; 

2.  A  large-headed  screw  the  outer  circumference  of  which 
is  divided,  and  is  read  by  means  of  a  fixed  pointer;  and 

3.  A  comb-scale  and  cross- hairs  by  which  the  divisions 
of  the  circle  are  read  and  subdivided. 

The  micrometer  cross- kairs  and  comh*$cah  are  fixed  in  the 
plane  of  the  image  produced  by  the  objective  of  the  micro- 


FtG.  163.— Section  of  Micrometer  through  Scrkw  showing  Comb 

AND   CHOSS'HAIRS   IN   CENTRAL    PLAN. 


scope.     This  image  is  larger  than   the  object  seen    in  the" 
microscope,   therefore   a    given   amount  of   the    micrometer 
cross-hairs  corresponds  to   a  much  less  distance  on  the  ob* 
ject  sighted.     The  cross-hairs  arc  held    in  a  frame  which  i$H 
moved  by  a  screw  having  a  very  fine  thread,   called  the  /lr^^ 
crometer  screw.     (Fig.    163.)     This  is  caused  to  revolve  by 
a    large   head,    called   the   mkrotneter  head,    which    is  cylin* 
drical  or  hollow,  its  outer  circumference  being  divided  intg, 
sixty. 

The  relation  between  the  comb-scale  of  the  microscope, 
and  the  graduations  on  the  micrometer  head  which  denote 
the  fractions  of  a  revolution  of  the  screw,  is  such  that  one 
full  revolution  of  the  screw  corresponds  to  one  tooth  of  the 
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amb-scalc.  The  number  of  whole  revolutions  of  the  screw 
ire  recorded  by  noting  how  many  teeth  of  the  comb-scale 
ire  passed  over;  the  fractional  parts  of  a  revolution  being 
cad  on  the  graduated  micrometer  head. 

If  the  circle  of  the  instrument  is  divided  to  lo  minutes 

sind  the  micrometer  read  to  2  seconds,  as  in  the  case  of  the 

^^inch  theodolite  of  the  U.  S.  Geological  Survey^  the  heads  of 

the  micrometers  arc  divided  into  sixty  parts  numbered  O,  ID, 

20,  o,   10,   20.     One   revolution  of  the  micrometer  screw  is 

equivalent  to  2   minutes,   and   one  division   of    the  head   to 

2  seconds.     The  comb-scale  of  the  micrometer  consists  of  ten 

parts,  each  of  which  corresponds  to  the  space  of  10  minutes 

on  the  circle  and  to  five  revolutions  of  the  micrometer  screw. 

The  slide  by  which  it  is   read  carries  two  cross-hairs  close 

^pgether.      The   micrometer   records    zero   near    the    middle 

^Bien  one  of  the  two  cross-hairs  is  on  the  middle  line  of  the 

F    comb- scale  and  the  head  of  the  screw  is  at  zero.      Degrees 

1    and  minutes  arc  read  directly  in  the  microscope.      The  read- 

\   tugs  of  the   micrometer  head  are  recorded    in   the  notes  as 

^Kvisions.     The  sum  of  the  readings  of  the  heads  of  the  two 

^separate  micrometer  microscopes  gives  the  mean   reading  of 

'    the  tu'o  in  seconds. 

Five  revolutions  of  the  screw  should  move  the  cross-hairs 
from  one  graduation  to  the  next.      If  this  is  not  exactly  true, 
then  the  value  of  the  ten-minutc  space  should  be  measured  a 
number  of  times  by  running  the  cross-hairs  backward  and  for* 
I    ward.     The  mean  of  these  five  revolutions  should  give  the 
^^ean  value  of  one  revolution  of  the  micrometer  screw,  and 
P^is  is  called  the  run  of  the  screw.     When  reading  the  instru- 
ment a  correction  is  to  be  applied  called  the  correction  for 
ruH^  and  this  is  determined  as  described  above  for  various 
parts  of  the  micrometer  screw.     (Art*  251.) 

243.   Triangutation   Signals. — There   are   three   general 
forms  of  signals  upon  which  to  observe  or  point  the  cross- 
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hairs  of  the  telescope  in  the  measurement  of  angles  of  a  pri- 
mary triangulation.     These  are: 

I*  Opaque  signals,  usually  tripods  or  poles  of  wood  with 
flag  or  other  opaque  device  attached  thereto; 

2,   Reflecting  signals;  and 

3*   Lights  or  night-signals. 

Opaque  signals  should  generally  be  employed  where  the 
conditions  of  the  atmosphere  and  the  lengths  of  the  sights 
will  permit.  A  smaller  probable  error  results  from  observing 
upon  them  than  upon  any  other  form  of  signal. 

Rfjiecting  signals  arc  of  two  general  types: 

1.  Tin  reflecting  cones  or  other  stationary  objects  of 
conical  or  cylindrical  shape;   and 

2.  Heliotropes,  or  instruments  by  which  sunlight  is  re- 
flected by  a  mirror  towards  the  observer. 

Neither  heliotropes  nor  //;/  reflecting  cotus  permit  of  as 
accurate  results  in  observing  as  do  opaque  signals,  because  of 
the  phase  or  displacement  of  the  reflected  beam  of  light, 
which  is  often  considerable.  The  most  satisfactory  reflecting 
signal  upon  which  to  observe,  because  of  the  certainty  of  its 
being  seen  in  hazy  and  foggy  weather  or  on  timber-covered 
summits,  is  the  heliotrope.  The  flash  of  the  reflected  sunlight 
from  this  instrument  can  be  seen  from  the  most  distant  points 
which  can  be  observed,  as  well  as  on  those  partially  obscured 
by  atmospheric  conditions. 

In  smoky  and  hazy  weather  the  atmosphere  is  clearest  at 
nigki^  and  it  may  be  necessary  to  use  reflectors  illuminated  bj 
ordinary  kerosene  lamps  or^  on  very  long  lines,  by  magnesium' 
tape  burned  in  and  reflected  by  a  special  apparatus. 

The  correction  for  phase  in  tin  cones,  or  reduction  to  the 
center  of  the  signal,  is 


Cor.  =  ± 


r  COS'  ^Z 
D  sin  i'^' 
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in  which  r  =  radius  of  signal, 

Z  =  angle  at  point  of  observation  between  the  sun 

and  the  signal,  and 
D  —  distance  from  observer  to  signal. 

244*  Tripod  and  Quadripod  Signals. — Various  forms  of 
opaque  signals  are  employed^  according  to  the  length  of  sight 
and  the  availability  of  materials  for  construction.  Where 
the  circumstances  will  permit,  the  simplest  form  is  a  tripod 
from  the  center  of  and  above  which  projects  a  pole  carrying 
cross-pieces  to  which  are  fastened  strips  of  cloth  at  right 
angles  in  target  form,  while  the  whole  may  be  surmounted 
by  a  flag,  (I'ig.  164.)  The  object  of  the  flag  is  that*  in 
waving  in  the  sunlight,  its  white  flash  is  more  readily  dis- 
tinguished and  more  quickly  attracts  the  observer  than  do 
the  stationary  tripod  and  targets.  This  form  of  signal  must 
be  accurately  centered  over  the  station  mark,  the  bottom  of 
the  pole  being  cut  oflf  so  that  the  theodolite  can  be  set 
beneath  the  tripod  and  over  the  station  mark. 

The  various  details  of  the  tripod  signal,  such  as^ — 

1.  Height  of  pole; 

2.  Dimensions  of  the  tripod ; 

3.  Boarding-in  of  the  lower  part  or  covering  it  with  can- 
vas to  shade  the  instrument  and  protect  it  from  high  winds; 

4.  Whether  the  pole  or  the  cloth  upon  it  shall  be  white 
or  black ; 

5.  Character  of  the  signal  to  be  employed; 
and  other  matters  of  detail  vary  with — 

a.   Length  of  the  line  observed ; 
^.   Altitude  of  the  station; 

c.  Background  of  the  station  ;   and 

d.  Atmospheric  conditions  encountered. 

The  diameter  ^/the  signal-pole  must  not  be  greater  than 
will  just  permit  of  its  being  distinctly  seen,  so  that  it  may  be 
accurately   bisected   by   the   vertical  cross-hair.     The   latter 
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must  not  cover  the  pole,  but  must  permit  a  portion  of  it  to 
show  on  either  side  of  the  hair.  The  diameter  which,  with 
avcraged-sizcd  cross-hair  and  magnifyinj^  power,  subtends  an 
angle  of  I  second  at  I  mile  is  .307  of  an  inch;  hence  at  20 
miles  it  is  6.1  inches,  at  40  miles  it  is  12.3  inches^  at  60  miles 
it  IS  1 8*4  inches,  and  at  So  miles  it  is  24.6  inches.  The 
above  proportions  show  that  for  lines  exceeding  16  miles  the 
diameter  of  the  signal  should  not  exceed  one  second  in  value. 
The  solid  part  of  the  pole  should  never  be  greater  than  about 
4  to  6  inches  in  diameter,  in  order  that  it  may  not  be  too 
heavy  to  raise.  Its  visible  dimensions  may  be  increased  by 
nailing  slats  of  wood  upon  it  and  covering  these  with  cloth  or 
with  a  reflecting  core  of  metaL 

Such  signals  may  be  constructed  of  any  material  which  is 
convenient  to  hand,  as  poles  cut  in  the  woods,  old  rails,  etc. 
It  is  preferable,  however*  to  build  them  of  2  X  4  or  3  x  4 
sawed  scantling,  and  this  sho'Ud  be  procured  in  12-  to  16-foot 
lengths,  according  to  the  height  to  which  it  is  necessary  to 
raise  the  flag  above  the  ground  surface  in  order  that  it  may 
be  seen  over  intervening  obstructions.  Moreover,  the  upper 
portions  of  such  a  signal  should  be  painted  white*  The  addi- 
tional expense  incurred  in  using  such  materials  and  in  paint- 
ing  will  be  more  than  counterbalanced  by  the  c»dded  immunity 
from  destruction  by  vandalism,  a  well-buih  and  attractive- 
looking  signal  being  far  less  liable  to  such  injury  than  one 
crudely  put  together^  Moreover,  squared  scantling  can  be 
more  easily  cut  to  abut  against  the  central  polci  or  to  be 
pieced  together  where  it  is  necessary  to  have  a  sig^n^il  of 
greater  height  than  the  average  length  of  the  scantling.  The 
spread  of  the  legs  should  be  about  two-thirds  of  the  height 
of  the  pyramid  to  give  stability. 

To  anchor  the  signal,  holes  should  be  dug  about  2  feet  ir 
depth  into  which  the  legs  of  the  scantling  should  be  sunk- 
Stakes  4  feet  in  length  at  least  should  then  be  driven  into  the 
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ground  in  contact  with  the  foot  of  each  pole  and  approxi- 
mately at  right  angles  to  them,  and  these  should  be  nailed  to 
the  scantling.  This  will  practically  insure  the  signal  against 
being  blown  over. 

245.  Observing  Scaffolds. — Where  it  becomes  necessary 
o  elevate  the  instrument,  a  wooden  scaffold  must  be  erected, 
and  this  must  be  so  constructed  that  the  instrument  can  rest 
on  a  central  scaffold  entirely  independent  of  the  platform 
upon  which  the  observer  stands,  in  order  to  avoid  jarring  the 
instrument.  The  inner  scaffold  for  the  support  of  the  instru- 
ment should  be  a  tripod  triangular  in  cross-section,  and  the 
inclination  of  its  sides  should  be  such  as  to  give  it  rigidity  and 
to  bring  the  main  frames  together  in  one  cap- piece  at  the 
summit  on  which  the  instrument  will  rest.  The  outer  scaffold 
for  the  support  of  the  platform  on  which  the  observer  will 
stand  should  be  square  in  plan,  and  the  sides  should  be  in- 
clined so  as  to  give  stability.  The  width  of  the  platform  at 
the  top  should  be  sufficiently  great  to  permit  of  the  free 
movemi  nt  of  the  observer  about  the  instrument,  and  he 
should  be  protected  by  a  railing  around  the  outer  edge  of  the 
platform.     (Fig.  165.) 

Such  scaffolds  may  be  constructed  of  the  crudest  material 
at  hand,  and  it  may  be  necessary  often  to  use  such  only.  On 
inaccessible  mountains  the  writer  has  erected  scaffolds  in  the 
tops  of  trees,  and  a  central  tree  has  been  used  as  an  observing 
stand  for  the  instrument.  In  such  cases  all  limbs  should  be 
cut  off  the  tree  as  well  as  the  top,  in  order  to  offer  the  least 
obstruction  to  the  wind,  which  will  otherwise  jar  the  instru- 
ment. In  other  instances  satisfactory  observing  scaffolds  have 
been  built  in  the  limbs  of  a  single  large  tree,  and  another 
growing  close  to  it  has  been  used  as  the  observing  stand. 
Wherever  sawed  scantling  is  available,  however,  it  should  be 
employed,  for  the  reasons  given  in  the  last  article.  The 
scaffold  should  be  erected  much  as  is  the  framework   of   a 
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buUding.  Each  length  should  be  framed  on  the  ground  until 
as  many  bents  have  been  fastened  together  as  can  be  readily 
raised  with  the  force  available,  perhaps  two  bents  of  8  or  12 
feet  each.  Those  two  which  are  opposite  should  be  erected 
at  the  same  time,  and  then  the  cross-bracing  be  nailed  to  place 
them  at  the  proper  distance.  Thereafter  boards  arc  laid 
across  the  tops  of  each  set  of  bents,  and  the  workmen,  stand- 

[ig  on  these,  frame  the  next  higher  bent. 

The  whole  should  be  strengthened  by  diagonal   bracing 

with  one-inch  planks.      It  should  be  anchored  as  described 

in  the  last  article,   and  braced,   moreover,    by  long   planks, 

leaning    against   it  as  struts  and   suitably   grounded,   or   by 

'^ guying  it  with  long  wires  to  neighboring  stakes  or  trees. 

246*  Heliotrope. — This  is  an  instrument  designed  to 
reflect  sunlight  by  a  mirror  from  the  station  sighted  upon 
to  that  occupied  by  the  observer.  The  beam  of  reflected 
light  is  pointed  upon  as  on  a  signal.     There  are  three  speci6c 

objects  to  be  aimed  at  in  the  design  and  use  of  the  heliotrope; 

1.  The  reflecting  surface  should  be  as  near  the  center  of 
the  station  as  possible; 

2.  The  method  of  aligning  or  directing  the  reflected  beam 
toward  the  observer*s  station  should  be  the  most  precise  and 
simple  attainable; 

3.  The  method  of  maintaining  the  direction  of  the  re^ 
fleeted  beam,  while  following  the  apparent  movement  of  the 
sun,  should  be  the  simplest  possible. 

There  are  three  general  types  of  heliotropes  for  the 
accomplishment  of  the  above  objects.      These  arc  : 

1,  Simple  hand- mirrors  provided  with  screw  for  attach- 
ment to  a  wooden  support; 

2,  Telescopes  carrying  revolving  mirror  and  aligning 
sights; 

3,  Steinheil  heliotrope  having  mirror  aligned  by  the  re- 
flected image  of  the  sun, 

Hcliotrapes  should  rarely  bt  used  as  signals  for  distances 
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FiG.  165.— Observing  Scaffold  and  Signa^l. 
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less  than  twenty  miles,  excepting  for  very  smoky  or  hazy 
weather,  or  because  of  the  difficulty  of  making  visible  an 
opaque  signal  in  dense  wood ;  or  at  any  greater  distance  pro- . 
viding  an  opaque  signal  can  be  seen.  This  chiefly  because  (i) 
opaque  signal  gives  better  definition ;  (2)  the  beam  reflected 
from  the  heliotrope  is  too  large  when  observed  at  short  range ; 
(3)  it  is  difficult  to  arrange  a  satisfactory  understanding 
between  the  observer  and  the  distant  heliotroper. 

The  dimensions  of  a  heliotrope  should  be  the  smallest 
which  will  produce  a  clearly  defined  and  visible  star  of  light 
at  the  distance  observed.  In  order,  therefore,  to  secure 
images  of  uniform  size  at  all  distances,  the  size  of  the  mirror 
must  be  varied  according  to  the  distance.  For  ordinary 
atmospheric  conditions  and  distances  of  ten  miles  and  over, 
the  following  formula  may  be  used  to  determine  the  size  of 
the  mirror: 

X  =  .046^, 

in  which  x  =  the  length  of  the  sides  of  the  mirror  in  inches ; 
d  =  the  distance  observed  in  miles. 

In  accordance  with  this  formula  the  following  table  gives 
the  length  of  the  side  of  the  mirror  for  various  distances. 

Table  XXXII. 
sizes  of  heliotrope  mirrors. 


Distance, 

Side. 

Disunce, 

Side. 

DisUncc, 

Side. 

Miles. 

Inches. 

Mile*. 

Inches. 

Miles. 

Inches, 

10 

0.46 

6rj 

2.8 

120 

5-5 

20 

0.92 

70             1 

3-2 

IV> 

6.4 

30 

1-37 

CO 

3.7 

160 

7.3 

40 

I.E3 

90 

4.1 

iSo 

S.3 

50 

2.3 

100 

4.6 

200 

9-2 

While  the  alignment  of  the  mirror   must    be    relatively 
precise,  such  accuracy  is  only  required  as  may  be  obtained 
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by  relatively  crude  methods.  The  cone  of  incident  and 
reflected  rays  subtends  equal  angles  the  amount  of  which 
is  about  32  minutes.  The  base  of  this  cone  is  about  50 
feet  in  diameter  per  mile  of  distance.  Thus  for  a  distance 
of  20  miles  the  reflected  ray  is  visible  over  a  vertical  area 
of  about  lOCHD  feet  diameter.  It  is  thus  evident  that  the 
alignment  may  vary  as  much  as  15  minutes  of  arc  on  either 
side  of  the  true  direction,  or  nearly  ,01  of  a  foot  in  a  distance 
of  2  feet. 

The  simplest,  most  useful,  and  most  practical  heUotrope 
for  all  ordinary  usage  is  a  small  hand'mirror  (Fig.  166,  ^)  sim- 
ilar to  the  reflecting  mirror  used  with  the  telescopic  helio- 


Fig.  166.— Telescopic  Heliotrope. 

trope.  The  hand-mirror  or  the  telescopic  heliotrope  (Fig. 
166,  a)  is  used  by  inserting  into  the  side  of  a  tree  or  post 
or  other  %vooden  support  the  screw  to  which  it  is  attached  by 
means  of  a  hinged  joint  working  with  friction.  Thus,  by 
screwing  or  unscrewing  it  into  the  wood  and  moving  the  joint, 
it  can  be  made  tc^  follow  the  path  of  the  sun.  A  siniiU'' 
mirror  at  a  distance  of  10  or  15  feet  is  used  to  reflect  the 
sunlight  into  the  heliotrope  mirror  when  the  position  of  the 
sun  is  such  that  a  direct  reflection  cannot  be  cast  towards  the 
observing  station.  The  rcjlec  ting  or  second  mirror  (V'xg,  166,^) 
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is  of  similar  construction  to  the  hand  mirror  and  likewise  may 
be  screwed  into  a  stake,  board,  or  tree. 

The  alignment  of  the  reflet  ted  beam  from  a  kand  mirror 
is  procured  by  ranging  the  pointed  tops  of  two  small  stakes 
or  sticks  by  eye  from  it  to  the  observer's  station.  In  order 
that  this  alignment  may  be  sufficiently  accurate  these  stakes 
must  be  set  up  at  some  considerable  distance  apart,  the  first 
about  ID  feet  and  the  second  20  to  50  feet  distant  from  the 
heliotrope.  Such  alignment  having  been  once  made  by  the 
triangulator  or  an  assistant,  a  heliotroper  or  man  who  shall 
move  the  mirror  so  as  to  keep  the  sunbeam  on  the  tops  of 
the  two  stakes  may  be  employed,  and  any  near-by  resident 
of  ordinary  intelligence  will  be  capable  of  performing  such 
^simple  labor.  To  make  sure  that  the  reflected  image  is  cast 
I  upon  the  tops  of  the  stakes  some  dark  object,  as  the  trousers 
j^br  bat  of  the  heliotroper,  should  be  placed  behind  them  at 
^^pitervals  in  order  that  the  shadow  cast  by  the  reflected  beam 
^B>ver  the  top  of  the  stake  may  be  clearly  noted.  Or  a  square 
of  tin  with  a  hole  cut  in  it  of  size  proportioned  to  the  dis- 
tance may  be  held  in  front  of  the  mirror  as  a  stop. 

The  telescopic  or  Coast  Survey  heliotrope  (Fig.  166)  con- 
Ists  of  a  telescope  of  moderate  magnifying  power  attached  to 
screw  moving  with  friction,  by  which  it  is  fastened  into  a 
ooden  support.      Near  the  eye  end  is  a  mirror  supported  by 
horizontal  axis,  and  the  latter  may  be  rotated  vertically  so 
to  give  two  motions.     A  few  inches  in  front  of  this  and  at 
c  objective  end  of  the  telescope  are  two  rings,  so  placed 
hat  the  axes  of  the  center  of  the  mirror  and  of  the  rings  are 
parallel  to  the  line  of  sight  of  the  telescope.      The  telescope 
ing  directed  upon  the  observing  station,  the  mirror  is  so 
rned  as  to  reflect  the  sunlight  through  the  rings  and  thus  to 
lie  observing  station.     This  instrument  is  less  simple  than 
e  hand  mirror  because  of  its  liability  to  get  out  of  adjust- 
ment.   One  of  the  rings  may  be  adjusted  by  raising  or  lower- 
ing it,  and  the   adjustment   should    be    frequently  tested   to 
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assure  that  the  alignment  of  the  mirror  and  both  rings  is  per- 
fect. This  operation  consists  in  pointing  the  telescope  at 
some  object  loo  or  200  feet  away  and  noting  if  the  reflected 
light  is  cast  exactly  upon  it.  If  not,  the  adjustable  ring 
must  be  moved  to  correct  the  error. 

The  Steinheil  heliotrope  (Fig.  167)  is  a  far  more  compact 
and  serviceable  instrument   than   the    telescopic    heliotrope. 
It   requires,    however,    for   its  manipulation  an   assistant    of 
some  intelligence.    On  the  other  hand  tele- 
scopic and  hand  heliotropes  can  scarcely  be 
safely  used   by  an  ordinary  laborer;    there- 
fore where  hand-mirrors  aligned  by  stakes 
are  not    used    the  Steinheil   will   give    the 
greatest  satisfaction.    It  is  but  three  or  four 
inches  in  length  and  can  be  carried  easily  \x\ 
the  pocket  or  in  a  light  leather  case.     This 
instrument,  in   addition  to   its  portability, 
has  the  advantage  that  there  are  no  mov- 
able   parts   to  get    out   of  adjustment    by 
jarring  in  carrying. 

The  Steinheil  heliotrope  consists  of  a 
small  sextant  mirror,  the  two  surfaces  of 
which  are  as  nearly  absolutely  parallel  as 
possible.  This  mirror  has  a  small  hole  in  the  center  of  the 
reflecting  surface,  below  which  is  a  small  lens  in  the  shaft 
carrying  the  mirror,  and  below  the  lens  is  some  white  reflect- 
ing material,  as  plaster  of  Paris.  The  mirror  is  so  mounted 
that  it  has  four  different  motions,  two  about  its  horizontal 
axis  and  two  about  its  vertical  axis,  each  of  which  can  be 
separately  controlled  by  clamps  or  friction  joints.  To  use  tki 
Steinheil,  it  is  screwed  into  some  wooden  support,  as  the  side 
of  a  tree  or  post,  in  such  a  position  that  the  main  axis  carry- 
ing the  lens  and  p!aster*of-Paris  reflector  can  be  kept  parallel 
to  the  sun's  rays.  The  heliotroper,  standing  behind  the  mirror 
and  looking  through  the  central  hole  towards  the  instrument 
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lation,  sees  an  imaginary  sun  produced  by  the  reflection  of 
the  true  sun  from  the  plaster  of  Paris  and  focused  by  the  lens 
on  the  surface  of  the  glass.     The  mirror  should  then  be  slowly 

E moved  until  this  imaginary  sun,  moving  with  it,  appears  to 
Kst  on  the  object  towards  which  the  flash  is  to  be  cast.  As 
libth  surfaces  of  the  mirror  are  parallel,  the  true  reflection  of 
Hie  sun  from  the  surface  of  the  mirror  will  also  be  cast  on  the 
object  sighted, 
I  Various  attempts  have  been  made  to  design  hiliotropes 
which  shall  automatically  folloitf  the  path  of  the  sun  in  a 
I  manner  similar  to  the  clockwork  mechanism  employed  in  ob- 
servatories for  following  the  movement  of  stars  with  large 
telescopes.  None  of  these  have  proven  satisfactory,  how- 
ever, because  of  their  complexity  and  weight.  Other  at- 
tempts at  effecting  a  similar  result  have  hc^n  made  by  using 
rectangular  polished  steel  bars  made  to  revolve  about  a  hori- 
zontal axis,  and  the  latter  to  revolve  about  a  vertical  axis 
through  hand  mechanism.  An  automatic  motion  for  the 
same  has  been  attempted  by  use  of  cup-shaped  w^ind  vanes, 
similar  to  those  used  in  anemometers,  whereby  a  many-sided 
heliotrope  is  made  to  revolve  in  all  directions  continuously 
by  the  wind.  Such  an  apparatus  Rashes  light  in  every  direc- 
tion, but  as  yet  such  flashes  have  not  been  procured  of  suffi- 
cient duration  and  certainty  to  serve  the  purposes  desired. 

The  greatest  olfjcctions  to  the  use  o/  heliotropes  as  signals 
are  due  to  the  uncertainty  of  the  atmosphere  and  the  diffi- 
culties of  communication  between  observer  and  lieliotroper. 
■■^here  any  attempt  is  made  to  observe  on  several  helio- 
P^oped  stations  at  one  time,  if  the  sun  be  occasionally  or 
pirtly  obscured  by  cloud,  uncertainty  arises  on  the  part  of 
the  heliotroper  as  to  whether  the  observer  has  measured  all 
the  angles  required,  and  he  may  prematurely  leave  his  station, 
thus  causing  considerable  delay  in  conveying  directions  to 
him  to  return.  To  obviate  this  a  brief  code  of  heliograph 
signals  should  be  arranged  where  much  hcliotroping  is  to  be 
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done.  The  fewest  possible  sentences  should  be  devised  and 
practiced  by  heliotropers  and  observer.  The  method  of  con- 
veying such  signals  is  by  intermittent  flashes  and  btanki 
spaces,  corresponding  in  general  to  the  dots  and  dashes  of  thel 
Morse  telegraphic  code.  The  interval  between  the  period 
during  which  the  heliotrope  is  permitted  to  shine  and  that 
during  which  its  light  is  cut  off  by  interposing  the  hand  or 
some  other  object  before  the  mirror  to  produce  a  blank* 
should  be  of  not  less  than  ten  seconds'  duration  nor  as  great 
as  one  minute,  I'hus  a  sentence  may  be  conveyed  by  a  flash 
of  ten  seconds  followed  by  a  blank  of  ten  seconds,  or  another 
by  a  flash  of  ten  seconds  followed  by  a  blank  of  thirty  seconds 
and  a  flash  of  ten  seconds.  Any  number  of  similar  combina- 
tions may  be  prearranged. 

247.  Night-signals. — Where  the  observation  of  angles  is 
impeded  during  the  daytime  by  dense  smoke»  the  best  results 
are  procured  by  signalling  with  lights  used  at  night.  The 
moisture  in  the  air  at  night  carries  the  smoke  down  into  the 
valleys,  thus  clearing  the  atmosphere  between  the  higher 
summits  from  which  observations  are  made.  Several  forms 
of  night-signals  have  been  employed  with  some  success  both  ' 
in  India  and  France,  and  experimentally  by  the  U.  S.  Coast^ 
Survey,  These  lights  are  practically  of  three  kinds  only : 
(i)  electric  arc  light,  (2)  magnesium  tape»  and  (3)  kerosene*oil 
lamp.  All  should  be  used  with  a  parabolic  reflector  12  or 
more  inches  in  diameter,  depending  on  the  distance. 

The  chief  conditions  in  connection  with  a  suitable  night- 
light  are  that  it  should  be  (1)  cheap,  (2)  capable  of  maniputa> 
tion  by  persons  of  ordinary  intelligence,  (3)  light  enough  to 
be  easily  transported  to  mountain-tops,  and  (4)  simple  of  con- 
struction and  adjustment. 

The  form  of  light  which  fulfills  these  conditions  best,  ex- 
cepting that  of  cost,  is  mag7tesmm  tape.  Experiments  with 
this  by  the  Coast  Survey  indicate  that  its  cost  is  about  %z*z^ 
per  Qz,  of  40  yards  length,  and  its  consumption    12    to  tS 
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inches  per  minute  if  sufficient  brilliancy  and  steadiness  is 
maintained.  This  is  at  the  rate  of  about  2  J  cents  per  minute, 
or  $1.40  per  hour  if  bumed  steadily.  Accordingly,  on  the 
assumption  of  the  average  period  for  observing,  which  is 
about  two  hours,  such  night-signals  will  cost  about  $5  per 
night  for  each  signal  burned.  Another  form  of  night-signal, 
which  is  difficult  to  transport,  but  is  perhaps  even  more  satis- 
factor>\  is  the  ordinary  kerasent'cil  headlight  of  a  locomotive. 

248.  Station-  and  Witness-marks. ^Primary  triangula- 
tion  stations  should  be  so  permanently  marked  as  to  render 
them  possible  of  identification  at  any  future  time*  This  class 
of  marking  should  include  both  surface  and  underground 
marks.  The  surface  mark,  being  visible,  is  readily  found,  and 
in  searching  for  a  station  its  position  can  be  verified  by  the 
discovery  of  the  underground  mark.  Should  the  surface 
mark  be  disturbed,  which  is  not  unlikely,  the  witness-marks 
will  indicate  the  positions  of  the  underground  mark,  the  dis- 
covery of  which  will  again  locate  the  station. 

Undtrground  marks  should  be  buried  below  frost  and 
plow  line,  say  at  least  three  feet  beneath  the  surface.  Their 
chief  characteristics  should  be:  (l)  indestructibility;  (2)  peculi* 
arity  of  shape  and  appearance;  (3)  cheapness  and  lack  of  value 
as  a  protection  against  cupidity*  Some  of  the  following  arc 
excellent  underground  marks:  a  stoneware  tile  or  tablet, 
dish  or  cone;  a  short  chiseled  block  of  granite,  sandstone,  or 
other  stone  not  indigenous  to  the  locality;  a  brick  or  block 
of  hydraulic  cement  stamped  with  suitable  lettering. 

Surface  marks  depend  largely  upon  the  nature  of  the 
material  composing  the  ground  surface.  Where  this  is  soil, 
they  may  consist  (l)  of  iron  posts  sunk  into  the  ground 
(Fig.  100)  with  a  few  inches  projecting  and  bearing  a  suitable 
inscription  on  a  metal  cap ;  (2)  of  stone  posts  dressed  to  a 
square  cross-section  and  appropriately  marked ;  or  (3)  where 
the  surface  is  of  rock  a  small  eminence  or  a  cross-mark  should 
be  chiseled  on  it  and  a  copper  bolt  sunk  therein. 
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WUtusS'tmarks  are  established  by  measaremeiit  and  mag- 
netic bearings,  which  are  recorded  from  the  stalioii-mark  to 
projecting  rocks,  houses,  trees,  or  to  witness  monuments 
which  may  be  planted  for  the  purpose.  The  r€€0rd  0/  a 
siaiian  should  include  descriptions  of  its  sununit,  under- 
ground station-marfcs»  and  witness-marks,  with  a  sketch  of  the 
whole. 


CHAPTER   XXVI. 
MEASUREMENT  OF  ANGLES. 

249.  Precautions  in  Measuring  Horizontal  Angles. — 

The  following  are  some  of  the  more  important  precautions  to 
be  observed  in  occupying  a  station  and  setting  up  the  instru- 
inent  preparatory  to  the  measurement  of  horizontal  angles, 
namely : 

1.  Stability  of  support  of  instrument; 

2.  Stability  of  foot-screws ; 

3.  Freedom  of  motion  of  alidade; 

4.  Knowledge  of  signals ;  and 

5.  Avoidance  of  gross  errors  in  record. 

The  instrument  should  have  a  stable  support^  which  may 
be  a  stone  pier,  a  wooden  post,  or  a  good  tripod.  If  a  port- 
able tripod  is  used,  its  legs  should  be  set  firmly  in  the  ground 
and  clamped  tightly  to  the  tripod  head.  On  this  the  instru- 
ment should  rest  freely  without  being  held  by  center  clamp. 

The  foot -screws  of  the  instrument  should  be  tightly 
clamped  after  it  is  leveled  for  work.  Looseness  of  the  foot- 
screws  and  tripod  is  a  common  source  of  error. 

The  alidade^  or  part  of  the  instrument  carrying  the  tele- 
scope, circle,  and  verniers  or  microscopes,  should  move  freely 
on  the  vertical  axis.  Clamps  should  likewise  move  freely 
when  loosened.  Whenever  either  of  these  moves  tightly,  the 
instrument  needs  cleaning,  oiling,  or  adjusting.  ' 

The  observer  should  always  have  a  definite  preliminary 
knowledge  ^/the  signals  or  objects  observed.  The  lack  6f  it 
'    '    -^'■■'    •■   577    •^* 
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may  lead  to  serious  error  and  entail  cost  much  in  excess  of 
that  involved  in  procuring  such  knowledge. 

Great  care  should  be  taken  to  insure  comctniss  in  the 
rec&rd  of  degrees  and  minutes  of  an  observed  angle.  The 
removal  of  an  ambiguity  in  them  is  sometimes  a  troublesome 
and  expensive  task. 

250,  Observer's  Errors  and  their  Correction. — ^The 
general  directions  and  precautions  given  in  Articles  250  to 
252  regarding  instrument  errors  and  the  measurement  of 
angles  in  a  system  of  primary'  triangulation  were  prepared  by 
Prof.  R.  S.  Woodward  for  the  guidance  of  the  observers  of 
the  U.  S.  Geological  Survey.  They  are  supplemented  by 
memoranda  from  the  Proceedings  of  the  Geodetic  Conference 
held  at  the  U.  S.  Coast  Survey  office  in  Washington  in  1893^ 
and  from  the  experience  of  the  author. 

The  errors  to  which  measured  angles  are  subject  may  be 
divided  into  two  classes,  viz. :  ^^H 

1.  Those  dependent  on   the  instrument  used,  or  instn^* 
mental  errors ;   and 

2.  Those  arising  from  all  other  sources,  which  may  be 
called  observer's  or  extra-instrumental  errors. 

Extra-instrumental  errors  may  be  divided  into  four 
classes,  namely: 

1.  Errors  of  observation; 

2.  Errors  from  twist  of  tripod  or  other  support; 
5.    Errors  from  centering;   and 
4.   Errors  from  unsteadiness  of  the  atmosphere. 
Barring  blunders  or  mistakes,  the  errors  of  observation  are 

in  general  relatively  small  or  unimportant.  With  observers 
practiced  in  measuring  angles  such  errors  are  the  least  for- 
midable of  all  the  unavoidable  errors,  and  the  methods 
devised  for  their  elimination  result  in  practical  perfection 
The  recognition  of  this  fact  is  very  important,  for  observers 
are  prone  to  attribute  unexpected  discrepancies  to  bad  ob- 
servation rather  than  to  their  much  more  probable  causes. 
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After  learning  how  to  make  good  observations  the  observer 
should  place  the  utmost  confidence  in  them,  and  never  yield 
to  the  temptation  of  changing  them  because  they  disagree 
with  some  preceding  observations.  Such  discrepancies  are 
in  general  an  indication  of  good  rather  than  of  poor  observa- 
tions. 

Stations  or  tripods  which  have  been  unequally  heated  by 
the  sun  or  other  source  of  heat  usually  ttvist  more  or  less  in 
asimuth.  The  rate  of  this  twist  is  often  as  great  as  a  second 
of  arc  per  minute  of  time,  and  it  is  generally  quite  uniform 
for  intervals  of  ten  to  twenty  minutes.  The  effect  of  twist 
is  to  make  measured  angles  too  great  or  too  small,  according 
as  they  are  observed  by  turning  the  microscopes  in  the  direc- 
tion of  increasing  graduation  or  in  the  opposite  direction. 
^rfhts  effect  is  well  eliminated,  in  general,  in  the  mean  of  two 
^Hoeasures,  one  made  by  turning  the  alidade  m  the  direction 
^Bf  increasing  graduation,  followed  immediately  by  turning 
^^he  alidade  in  the  opposite  direction.  Such  means  are  called 
combined  measures  or  combined  results,  and  all  results  used 
should  be  of  this  kind.  As  the  uniformity  in  rate  of  twist 
cannot  be  depended  on  for  any  considerable  interval,  the 
more  rapidly  the  observations  of  an  angle  can  be  made  the 
more  complete  will  be  the  elimination  of  the  twist.  The 
observer  should  not  wait  more  than  two  or  three  minutes 
bnfter  pointing  on  one  signal  before  pointing  on  the  next.  If 
pibr  any  reason  it  should  be  necessary  to  wait  longer  than 
such  short  interval,  it  will  be  best  to  make  a  new  reading  on 
the  first  signal. 

The  precision  of  centering  an  instrument  or  signal  over  the 
station  or  geodetic  point  increases  in  importance  inversely 
as  the  length  of  the  triangulation  sides.  Thus  if  it  is  desired 
to  exclude  errors  from  this  source  as  small  as  a  second,  one 
must  know  the  position  of  the  instrument  within  one-third  of 
an  inch  for  lines  a  mile  long,  or  within  six  inches  for  lines 
twenty  miles  long.     The  following  easily  remembered  rela- 
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tions  will  serve  as  a  guide  to  the  required  precision  in 
any  case; 

1  second  is  equivalent  to  0.3  inch    at  the  distance  of  1  mile, 

I       **       *•         ••  ••  3, cinches' ♦*  10  miles; 

I      ♦*       ««         »*  *<  5^0      **     '*   **         **        •*:?o     "    • 

I  minute  '*         •*  **   I. $  feet      *•    *•  **         **    i  mile/ 

The  notes  should  always  state  explicitly  the  relative  posi- 
tions of  instrument  and  signal,  and  give  their  coordinates 
(preferably  polar  coordinates}  if  they  are  not  centered. 

Objects  seen  through  the  atmosphere  appear  unsteady, 
and  sometimes  this  boiling  of  the  atmosphere  is  so  great  as 
to  render  the  identity  of  objects  doubtfuL  This  is  usually 
greatest  during  the  middle  of  the  day,  and  generally  subsides 
or  ceases  for  a  considerable  period  between  2  r.M,  and  sun- 
down. There  is  frequently  also  a  short  interval  of  quietude 
about  sunrise^  and  on  cloudy  days  many  consecutive  hours  of 
steady  atmosphere  may  occur.  For  the  best  work,  observa- 
tions should  be  made  only  when  the  air  causes  small  or 
imperceptible  displacements  of  signals.  In  applying  this 
rule,  however,  the  observer  must  use  his  discretion.  Errors 
of  pointing  increase  rapidly  with  increase  of  unsteadiness,  but 
it  will  frequently  happen  that  time  may  be  saved  by  counter- 
balancing errors  from  this  source  by  making  a  greater  number 
of  observations.  Thus,  if  signals  are  fairly  steady,  it  may 
be  economical  to  make  double  the  number  of  observations 
rather  than  wait  for  better  conditions. 

251,  Instrumental  Errors  and  their  Correction. — The 
best  instruments  are  more  or  less  defective,  and  all  adjust- 
ments on  which  precision  depends  are  liable  to  dcrari      .        t 
Hence  results  the  general  practice  of  arranging  obs:  n^ 

in  such  a  manner  that  the  errors  due  to  instrumental  defects 
will  be  eliminated.  The  principal  errors  of  tlm  kind  and 
the  methods  of  avoiding  their  effects  are: 

1.  Periodic  errors; 

2.  Accidental  errors; 
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3.  CoUimation  errors. 

4.  Errors  due  to  inequality  of  pivots; 

5.  Errors  due  to  inequality  in  height  of  wyes; 

6.  Errors  due  to  inclination  of  telescope  axis; 

7.  Errors  due  to  parallax  of  cross-hairs; 

8.  Errors  of  run  of  micrometer-screw;  and 

9.  Errors  from  loose  tangent  or  micrometer  screws. 
Measurements  made  with  a  graduated  circle  are  subject  to 

certain  systematic  errors  commonly  called  periodic.  Certain 
of  these  errors  arc  always  eliminated  in  the  mean  or  sum 
of  the  readings  of  the  equidistant  verniers  or  microscopes, 
and  both  or  all  of  these  should  be  read  with  equal  care  in 
precise  work.  Certain  other  errors  of  this  class  are  not  elimi- 
itcd  in  the  mean  of  the  microscope  readings^  and  only 
lese  need  consideration.  Their  effect  on  the  mean  of  all  the 
leasures  of  an  angle  may  be  rendered  insignificant  by  making 
the  same  number  of  individual  measures  with  the  circle  in 
sicb  of  n  equidistant  positions  separated  by  an  interval  equal 

\  where  ///  is  the  number  of  equidistant  verniers   or 


nm 
microscopes 


Thus,   if  VI  ^=.  2y   the  circle  should   be  shifted 

ISC'" 
after  each  measure  by  an  amount  equal  to    ,  which,  for 


k 


example,  is  45^  for  //  ==  4  and  30"  for  n  =  6.     The  degree  of 

pproximation  of   this  elimination  increases  rapidly  with  n. 

Art.  252.)     Other  things  being  equal,  therefore,  the  measures 

of  such  special  angles  should  show  less  range  than  the  measures 

of  other  angles. 

Besides  the  instrumental  errors  of  the  periodic  class,  there 
ZTG  a\so  acciiicnta/  errors  of  graduation.  These  ure  in  gen- 
eral small,  however,  in  the  best  modern  circles,  and  their 
effect  is  sufficiently  eliminated  by  shifting  the  circle  in  the 
inner  explained  above  for  periodic  errors. 
The  effect  of  an  error  of  collimation  on  the  circle  reading 
for  any  direction  varies  as  the  secant  of  the  attitude  of  the 
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object  observed.  The  effect  on  an  angle  between  two  objects 
varies  as  the  difference  between  the  secants  of  their  altitudes. 
This  effect  is  eliminated  either  by  reversing  the  telescope  in 
its  wyes,  or  by  transiting  it  without  changing  the  pivots  in 
the  wyes,  the  same  number  of  measures  being  obtained  in  each 
of  the  two  positions  of  the  telescope.  The  latter  method  is 
the  better,  especially  in  determining  azimuth,  since  it  elimi- 
nates at  the  same  time  errors  due  to  inequality  of  pivots  and 
inequality  in  height  of  wyes. 

The  effect  of  errors  due  to  inclination  of  telescope  axis  on 
the  circle  reading  for  any  direction  varies  as  the  tangent 
of  the  altitude  of  the  object  observed.  If  the  inclination 
is  small,  as  it  may  always  be  by  proper  adjustment,  its  effect 
will  be  negligible  in  most  cases.  But  if  the  objects  differ 
much  in  altitude,  as  in  azimuth  work,  the  inclination  of  the 
axis  must  be  carefully  measured  with  the  striding-level,  so 
that  the  proper  correction  can  be  applied.  The  following 
formula  includes  the  corrections  to  the  circle  reading  on  any 
object  for  coIUmation  and  inclination  of  telescope  axis: 


Cor.  =  r  sec  /t  +  i  tan  A ;      .     . 
in  which  c  =  collimation  in  seconds  of  arc; 

b  =  inclination  of  axis  in  seconds  of  arc; 
A  =  altitude  of  object  observed. 


(50 


Parallax  of  cross-hairs  occurs  when  they  are  not  in  th 
,  common  focal  plane  with  the  cyq^iece  and  objective.  It  \s 
detected  by  moving  the  eye  to  and  fro  sidewise  white  looking 
at  the  wires  and  image  of  the  object  observed.  If  the  wires 
appear  to  move  in  the  least,  an  adjustment  is  necessary.  The 
eyepiece  should  always  be  first  adjusted  to  give  distinct  vision 
of  the  cross-hairs.  This  adjustment  is  entirely  independent 
of  all  others,  and  requires  only  that  light  enough  to  illuminate 
the  wires  enter  the  telescope  or  microscope  tube.  It  is  de- 
pendent on  the  cye^  and  is  in  general  different  for  different 
persons.     Hence  bad  adjustment  of  the  eyepiece  cannot  be 
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corrected  by  moving  the  cross-hairs  with  reference  to  the  ob- 
jective. Having  adjusted  the  eyepiece,  the  image  of  the 
object  observed  may  be  brought  into  the  plane  of  the  cross- 
hairs by  means  of  the  rack-and-pinion  movement  of  the  tele- 
scope.    A  few  trials  will  make  the  parallax  disappear. 

When  circles  are  read  by  micrometer  microscopes  it  is 
ustomary  to  have  them  so  adjusted  that  an  even  number  of 
I  revolutions  of  the  screw  will  carry  the  wires  over  the  image  of 
I  a  graduation  space.  If  the  adjustment  is  not  perfect,  an  error 
^^pf  run  ^\\\  be  introduced.  This  may  in  all  cases  be  made 
^■small  or  negligible,  since  by  means  of  the  independent  move- 
ments of  the  whole  microscope  and  the  objective  with  respect 
to  the  circle  the  image  may  be  given  any  required  size.  In 
making  this  adjustment  some  standard  space,  or  space  whose 
^rror  is  known,  should  be  used.  At  least  once  at  each  station 
where  angles  are  read  observations  should  be  made  for  run  of 
micrometers. 

READINGS  FOR  RUN  OF  MICROSCOPES  ON  SPACE  859'  50* 

TO  360". 
(Ideal  case  showing  microsco^s  in  need  of  adjusiment.) 


360" 

2.2 
2.4 
2.6 
2.7 


-B- 


359'  50' 

1-7 
2.1 

2.0 
1.7 
2.1 


360* 
0.2 
1,1 
0.7 
0,0 

0.[ 


Means 3.86      2.60 

Difference —  1.26 

Error  of  space,  .  .  .—0.37  known 
[Error  of  run.  ,  ,  . .  — 1.63  for  5  revs. 


1,92 


0.42 
-1.50 

—  0.37  known 

—  1,87  for  5  revs. 


Hence  readings  of  microscope  A  should  be  diminished  by 
0.33  div-  per  revolution,  and  those  of  B  by  0.37  div.  per 
revolution,  which  is  one -fifth  of  the  error  of  run  in  each  case. 
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Errors  from  loose  tangent  cr  micrometer  screws  are  due  to 

their  moving  too  freely  or  loosely.     In  making  a  pointing 
with  the  telescope  the  tangent  screw  should  always   move 
against  or  push  the  opposing  spring.     Likewise,   bisections | 
with  the  micrometer  wires  must  always  be  made  by  making  \ 
the  screw  pull  the  micrometer  frame  against   the  opposing 
spring  or  springs. 

252.  Methods  of  Measuring  Horizontal  Angles. — ^Two  ■ 
general  methods  are  employed  for  reading  parts  of  the  angle 
less  than  the  smallest  space  graduated  on  the  horizontal  limb, 
namely : 

1 ,  By  means  of  verniers ;  and 

2.  By  micrometer  microscopes. 
Where  it  is  unnecessary  to  read  angles  to  lesser  amounts 

than  10  seconds  of  arc  verniers  may  be  successfully  employed. 
If  greater  accuracy  is  to  be  attempted  by  reading  to  smaller 
fractions  of   the  arc»   micrometer   microscopes  must  be  em- 
ployed.     Primary  angles  are  read  with  verniers  by  the  method  \ 
of  repetition,  and  with  micrometer  microscopes  by  the  method\ 
of  directions. 

Vernier  or  repeating  theodolites  are  not  used  now  to  any 
extent  on  primary  work  of  high  order.  In  order  that  the 
best  results  may  be  had  from  such  an  instrument  it  must  H 
have  a  very  large  circle*  as  from  16  to  20  inches  diameter, 
and  be  proportionately  heavy  and  cumbersome.  Such  instru- 
ments  are  now  generally  employed  only  on  secondary  tri-^^| 
angulation,  where  a  circle  not  greater  than  six  or  seven  inches 
in  diameter  will  give  satisfactory  results. 

The  method  of  reading  angles  with  the  repeating  instru- 
ment consists  in  pointing  at  the  first  station,  w,  and  with  the 
lower  circle  clamped  revolving  the  graduated  limb  and  point-  B 
ing  at  the  second  station,  o  (Fig.  17S).  Then  with  the  upper" 
circle  clamped  the  instrument  is  revolved  on  its  lower  circle 
in  the  reverse  direction  so  as  to  point  back  again  at  n^  and 
the  operation  is  repeated.     By  this  means  the  direct  reading 
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of  the  angle  between  the  two  stations  is  increased  or  added 
the  vernier  in  proportion  to  the  number  of  repetitions  of 
e  angle  made.  Thus  if  six  such  angles  arc  read,  the  single 
angle  will  be  the  total  recorded  on  the  circle  divided  by  6, 
and  the  result  will  be  a  reading  possibly  \  smaller  than  the 
amount  by  which  a  single  angle  could  be  read  on  the  vernier. 
In  the  use  of  such  an  instrument  each  set  of  rrpeiitions  con- 
sists of  a  fixed  number  of  measures  of  the  angle,  say  tlirce, 
followed  by  an  equal  number  of  measures  with  the  telescope 
reversed.  Two  sets  of  six  repetitions,  as  5  direct  +  3  reversed^ 
are  preferable  to  one  set  of  twelve  repetitions,  as  6  direct  +  6 
reversed,  because  something  may  occur  to  interrupt  the 
observations  during  the  longer  time.  In  like  manner  the 
various  angles  between  the  adjacent  stations  observed  arc  each 
separately  read, 

^H   The  best  results  procurable  in  the  measurement  of  hori- 
P  zontal  angles  are  obtained  unth  direction  instruments.     Such 
instruments,  with  circles  as  small  as  8  inches,  will  give  more 
accurate  readings  of  the  angle  than  a  corresponding  repeating 
instrument  of  16  to   18   inches  circle.      In  observing  with  a 
I    direction  instrument  the  more  usual  method  is  to  divide  the 
I    circle  into  a  number  of  equal  parts  known  as  positions.     This 
,   number  should  be  such  that  no  microscope  may  fall  upon  the 
^Bme  graduation  in  pointing  upon  the  same  object  in  different 
^Sositions  or  after  reversal  of  the  telescope.      Having  estab- 
lished the  initial  direct  ion »  one  or  more  series  are  observed  in 
each  position,   each   consisting  of  the  pointing  and   reading^ 
upon  each  of  the  signals  in  order  and  reading  of  the  gradua- 
tion  of  the  circle.     Then  the  telescope  is  reversed,  the  alidade 
turned    180^   in  azimuth,  and  another  pointing  and  reading^ 
made  upon  the  various  signals  in  order.     The  number  of  the 
\3ino\\s positions  depends  upon  (i)  the  accuracy  of  the  gradu- 
ation, and  (2)  upon  the  degree  of  refinement  desired.      For 
geodetic  work   of  a   high  order  from  twenty-four  to  thirty 
positions  or  series  should  be  observed.     For  primary  triangu- 
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lation  of  a  sufficiently  high  order  for  map>making  purposes^ 
however,  six  to  eight  positions  are  sufficient.  ■ 

Angles  may  be  read  with  a  direction  instrument  by  two 
general  methods,  namely: 

1.  Method  of  independent  measures;  and 

2,  Method  of  measurement  by  series. 

The  best  results  are  obtained  by  measuring  the  angles 
separately  and  Independently.  Thus  if  the  signals  in  sight 
around  the  horizon  arc  in  order  «>  a, />  etc.  (Fig,  175),  the 
angles  n  to  o^  o  to  /»,  etc,  are  by  this  method  observed 
separately,  and  whenever  there  is  sufficient  time  at  the 
disposal  of  the  observer  this  method  should  be  followed. 

In  order  to  secure  the  elimination  of  the  errors  of  obser- 
vation (Arts*  250  and  251)  the  following  programmes  should 
be  strictly  adhered  to. 

When  direction  instruments  arc  used  the  following  is  the 
programme  far  independent  measurement  of  angles  : 

Pointing  on  n  and  readings  of  both  micrometers. 

«•  «|^<4  ii  tt  it  it 

Transit  telescope  and  turn  alidade  180°. 
Pointing  on  0  and  readings  of  both  micrometers. 

i<  it^.       «*  14  4«  4(  ti 

180* 

Shift  circle  by     ^-  and  proceed  as  before  until  A^  such 

sets  of  measures  have  been  obtained. 

Then  measure  the  angles  o  to p,  p  to^,  etc.,  including  the 
angle  necessary  to  close  the  horizon,  in  the  same  manner.  A 
form  for  record  and  computation  of  the  results  is  given  in 
Article  253. 

When  repeating  instruments  are  used  the  same  programme 
will  be  followed,  except  that  there  should  be  five  pointings 
instead  of  one  each  on  ft  and  0,  the  circle  being  read  for  the 
first  pointing  on  n  and  the  fifth  on  o,  and  again  for  the  sixth 
pointing  on  c  and  the  tenth  on  «. 

The  importance  of  having  the  measures  of  a  set  follow  in 
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quick  succession  must  be  constantly  borne  in  mind.  Under 
ordinarily  favorable  conditions  an  observer  can  make  a  point- 
ing and  read  the  microscopes  once  a  minute,  and  a  set  of  five 
repetitions  should  be  made  in  five  minutes  or  less. 

When  several  stations  or  signals  are  visible  and  a  direction 
instrument  is  used,  time  may  be  saved  without  material  loss 
of  precision  in  the  angles  by  observing  on  all  the  signals  sure- 
cessively  according  to  the  \q[\q\s\x\%  programme  for  measure* 
merit  by  series,  the  signals  being  supposed  \n  the  order  «,  o,  /, 
etc.,  as  above: 

Pointing  on  n  with  micrometer  readings. 


Pointing  on  n  with  micrometer  readings.^ 
Transit  telescope  and  turn  alidade  i8o**. 
Pointing  on  n  with  micrometer  readings. 


r 


Pointing  on  ;/  with  micrometer  readings. 

Shift  circle  by  — rr-  and  proceed  as  before  until  N  such 

sets  have  been  obtained. 

The  angles  n  to  o^  0  to  /,  etc.,  read  in  this  way  may  be 
computed  as  in  the  first  method,  always  combining  the  meas- 
ure n  to  0  with  the  immediately  succeeding  measure  0  to  n  to 
cHminate  twist.  There  is  a  theoretical  objection  to  this 
process  of  deriving  the  angles  founded  on  the  fact  that  they 
are  not  independent,  but  in  secondary  work  this  objection 
may  be  ignored  as  of  little  weight. 

In  observing  horizontal  angles  the  number  of  sets  of  meas- 
ures  of  any  angle  is  dependent  upon  the  character  of  instru- 
tnent  and  the  precision  desired.     For  the  primary  triangula- 
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St  Geological  Sonr^  mtb  S4dc1i 


read   hy 


laax   sets   of 


IS  maMf  iBffcicfit  parts  of  Uie  circle  will  be 
fvqiiired.  For  repcatiiig  theodolites  six  sets  of  mcasores 
will  be  required,  all  made  accocdflig  to  the  pragramsn^  given 
aborc.  Only  under  specially  wifavmable  conditicMis  wiU 
ft  be  oecosary  to  increase  the  ntimber  of  sets  of  measures. 
Cafe  should  alwajrs  betaken  to  sbift  the  ciixk  so  as  to  elimi* 
oate  periodic  error^. 

When  there  is  ample  time  at  the  disposal  oi  the  obser\'er, 
or  need  for  additional  measures,  the  work  may  be  strength- 
ctied  by  ttuasuring sum-am^les.  This  is  done  in  such  manner 
as  to  introduce  additional  conditions  which  will  thus  strengthen 
the  lea^*square  adjustment.  Thus,  after  reading  the  separate^H 
angles  m  to  a^  a  to/,  p  to  q.  etc.,  the  intermediate  pointings^^ 
may  be  skipped  by  reading  from  ip  to/;  /  to  r^  etc,  and  the 
conditions  are  introduced  that  h  to  ^  -^  ^  to  p  ^=-  m  to  /, 
and  o  to  f  -\-  p  Xoq  ^  o  to  q. 

The  practice  of  starting  the  measurement  of  an  angle  or 

series  of  angles  with  the  microscopes  reading  o**  and  t8o^,  90"^ 

and  270^,  etc.,  must  be  avoided;  otherwise  the  errors  of  these^fl 

particular  divisions  will  affect  many  angles.      In  shifting  the^' 

circle   it   is  neither   necessary  nor  desirable  to  have  the  new 

180** 
position  differ  from  the  preceding  one  by  exactly  — ^*      A 

difference  of  half  a  degree  either  way  is  unimportant  as  re- 
spects periodic  errors,  and  it  is  advantageous  to  have  the 
minutes  and  seconds  differ  for  the  different  settings, 

253.  Record  of  Triang^ation  Obsenrations. — In  record- 
ing the  angles  read  at  any  primary  station  with  the  theodolite, 
the  first  page  of  the  notes  should  give  a  concise  description 
of  the  station,  how  it  is  reached,  character  of  station-mark, 
description  of  witness-points,  and  a  topographic  sketch  of 
station  and  surroundings.  There  should  also  be,  in  case  ol 
the  necessity  of  reduction  to  center  (Art.  267)»  (1)  a  diagram  1 


li 
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showing  the  relation  of  the  signal  to  the  position  of  the 
instrument,  (2)  the  distance  between  the  two,  and  (3)  the 
angle  read  at  the  instrument  position  between  one  or  more 
of  the  observed  stations  and  the  signal,  that  full  data  for 
reduction  may  be  available.  (Fig.  174.)  Another  diagram 
should  show  the  directions  to  the  various  stations  observed, 
and  the  arrangement  or  groupings  of  the  angles,  (Fig,  175.) 
The  date  and  time  of  observation  should  be  noted  at  inter- 
vals, to  show  that  the  instrument  has  not  stood  too  longr 
between  pointings. 

The  following  is  an  example  ^/the  record  m^A^  of  point- 
ings from  the  triangolation  station  **  Township  **  occupied  in 
Kansas  by  the  U.  S.  Geological  Survey  in  1889.  This  is  the 
record  of  one  pair  of  pointings  only,  that  determining  the 
ingle  observed  between  the  stations  Newt  and  Walton. 

RECORD   OF   MEASUREMENT   OF   HORIZONTAL   ANGLE. 

H,  L.  Baluwin.  OburTcr. 

^CSuitioo:  Township  comer,  KaiiBas,  July  i,  1889.     Fattth  8  inch  thccxlolite  No.  369;  ooe  divi* 
mion  of  micrometer  bead  =  a  tecondt.) 


SisiioQ, 


Mkr  A. 


Mkr,  B. 


Mean  Keadinc 


Angle. 


Mean. 


Telesct'pc  direct. 
'    Div. 


91 
109 


11,3 

ti-9 

15.6 


^3     la 
>73     i» 


'74 
«3» 


919 
183 


Telescope  fevcncd. 
318  96 
IM     55 


27  03. a 

^  09.8 

56  06.9 

n  05.3 


^54 

318 


Telescope  reversed. 
3    06 


07  03^0 

3f6  05.0 

36  08.1 

07  06. ♦ 


19     35 

V*    35 
3     06 


Telescope  direct. 


»8 
a64 
a«4 


sB  I 
»7*4 
01. 1 
*9  3 


48 

84 
84 
48 


Di-o. 
o9»9 
»1  > 

13  t 
09.1 


38.0 

a8«9 
'9^5 
»7-4 


^7.3 

39,8 
39*5 


4ft    I 


93  ta  91.2 

»s»9  4«  *5'* 

139  4«  *7*7 

93  w  19-7 


13B    97    01.3 
«74     5*     OS  7 


T83    07    00  a 

919     36    07»6 
183     07     04.5 


998  34  $0.7 

*^4  5i  S3-5 

364  53  57  a 

m8  H  5»'4 


36    »9    03.9 
oBtO 


<»  3 
03.  J 

04. Ci 
03.1 

oa.E 
05.8 


05.9 


ot.8 


4j'j"'9 

'      Mean  of  foitr combined  measures.... 36*s9'o3"«98 
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254-  Instructions  for  Ficldwork  of  Primary  Triangu- 
iation. — The  following  instnicttons  arc  those  governing  the 
field-work  of  primary^  trianguUtion  in  the  U.  S*  Geological 
Survey- 

K  Signals  should  be  of  sawed  lumber  whenever  it  can  be 
obtained*  and  great  care  must  be  taken  to  secure  perfect 
centering  of  instrument  and  target  over  station-mark. 

2,  All  stations  should  be  selected  with  a  view  to  their 
adaptability  to  topographic  expansion,  and  when  the  exact 
location  of  a  station  is  decided  upon  one  of  the  standard  iron 
posts,  copper  plugs,  or  bronze  tablets  must  be  set  as  a  per- 
manent mark.  In  light  soil  a  bottle  or  similar  object  must 
be  left  as  a  subsurface  mark.  These  marks  should  be  at 
exact  center  of  station,  and  in  addition  there  should  be  left 
one  or  more  reference  marks.  At  base-line  stations  there 
should  be  left  at  least  two  reference  marks. 

5.  Whenever  practicable,  set  the  theodolite  over  center 
of  station  while  reading  angles,  to  obviate  reduction  to 
center. 

4.  The  theodolite  when  in  use  must  be  sheltered  from  the 
sun  and  wind.  When  setting  the  theodolite  tripod,  leave 
the  tripod-head  thumb-screws  loose  until  the  legs  are  firmly 
placed. 

5.  Never,  under  any  circumstances,  attempt  to  place  the 
circle  so  that  when  pointing  at  any  particular  station  the 
micrometers  will  be  set  to  even  degrees. 

6.  Use  book  No.  9-^12  for  all  field  records,  and  do  not 
crowd  notes.  Have  notes  plainly  written  with  No.  4  pencil 
or  with  ink,  and  never  erase,  but  draw  a  single  line  through 
erroneous  records. 

7.  On  page  immediately  preceding  record  of  angles,  write 
a  minute  and  complete  description  of  the  station  occupied, 
giving  nearest  trails  or  roads,  camping-places,  station-marks, 
etc.,  as  well  as  ownership  of  land  when  possible.  Write  this 
description  before   leaving  the   station.     In   addition   plat  a 
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rough  diagram  of  pointings*  showing  also  plan  of  eccentric 
location  of  instrument,  if  there  be  such, 

8.  Before  observations  are  commenced  at  a  station,  test 
all  adjustments  of  theodolite,  and  correct  such  as  are  found  in 
error,  paying  special  attention  to  micrometers  to  avoid  the 
errors  of  run, 

9.  For  micrometer  theodolites,  angles  must  be  measured 
either  by  the  method  of  circle  readings  (directions)  or  by  single 
angles,  and  in  either  case  each  set  of  angles  must  be  kept  on 
a  single  page  of  note-book.      If  the  method  of  directions  be 

dopled,   each  complete  set  must  consist  of  pointings  with 
lescope  direct,  and  reverse  pointings  with  telescope  inverted, 
always  closing  horizon. 

10.  No  angle  should  be  considered  finally  determined  that 
has  not  been  measured  on  at  least  four  different  parts  of  the 
circle. 

1 1.  The  error  of  closure  of  any  triangle  in  primary  schemes 
ould  not  exceed  5". 

12.  Opposite  each  angle  recorded  give  any  necessary 
information  in  regard  to  visibility  of  signals  or  atmospheric 
conditions. 

'  13.   Do  not  trust  to  memory  for  notes.     Make  all  notes  as 

complete  as  though   it  were  expected  another  person  would 
compute  them* 

14.    Magnetic    declination    must    be    determined   at    each 
^azimuth  station  and  at  each  county  seat. 

^B  15.  Observations  for  azimuth  on  Polaris  before  and  after 
^Bslongation  must  be  made  on  two  nights  from  at  least  one 
Bfttation  in  each  square  degree,  to  consist  of  not  less  than  6 
angles  between  mark  and  stai  with  telescope  direct  and 
reversed.  See  Monograph  above  referred  to  for  form  of 
I  record.  Great  care  must  be  taken  in  adjusting  and  leveling 
the  horizoTttal  axis  of  theodolite.  Watch  error  must  be  deter- 
mined by  telegraphic  comparison  of  time  or  by  astronomic 
observations. 
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1 6.  Two  marks  of  dressed  stone  or  masoniy,  about  S^^fl 
feet  apart  on  a  true  north-and -south  line,  must  be  establtsbea 
at  each  county  seat,  the  center  of  each  to  be  the  cross-mark 

on  one  of  the  standard  bronze  tablets* 

17,  Angles  at  each  station  must  be  reduced  to  center  of 
permanent  mark  in  order  to  test  triangle  closures.  Arbitrary 
adjustments  and  preHminar>'  computations  should  be  made  in 
the  field*  AH  computations  except  distances  and  coordinates 
must  be  in  book  No.  9-889. 

iS.  Keep  a  careful  plot  of  the  work  on  a  scaJe  of  10  miles 
to  an  inch,  and  each  month  send  a  copy  with  monthly  report, 
indicating  angles  measured  by  the  usual  signs. 

19.  On  fly-leaf  of  each  note-book  write  an  index  of  con- 
tents of  book»  and  state  make  and  number  of  theodolite  used. 

20.  The  observer  should  always  endeavor  to  locate  promi* 
ncnt  paints  that  may  be  of  use  to  the  topographer,  or  that 
may  be  used  for  future  stations. 

21.  Especial  attention  must  be  paid  to  the  location  of 
county  court-houses,  section  and  county  corners,  and  State- 
line  marks, 

22.  Useful  locations  can  often  be  made  by  the  **  three- 
point  method,'*  the  theodolite  being  set  up  for  the  purpose 
while  going  to  or  from  stations. 

23.  Keep  in  view  the  fact  that  station  names  are  to  be 
published,  and  select  such  as  have  local  significance, 

255.  Primary  Triangulation— Cost,  Speed,  and  Accu- 
racy.— Triangulation  of  the  highest  geodetic  precision,  as 
executed  by  the  U*  S-  Coast  and  Geodetic  Survey^  costs  at 
the  average  rate  of  $1500  per  station  occupied  and  from  SlO 
to  $30  per  square  mile,  according  to  the  character  of  the 
topography  ;  the  daily  cost  of  a  party  of  from  five  to  fifteen 
individuals  averaging  $65.  The  speed  of  the  work,  or.  in 
other  words,  the  length  of  time  which  is  required  to  occupy  a 
station,  is  indicated  by  the  rate  of  f  station  per  month.  In 
this  work  the  average  closure  error  of  a  triangle  is  o^'.?.  the 
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probable  error  of  an  extended  triangulation  being  ixiAnrv 
Or,  stated  otherwise,  a  line  lo  miles  in  length  would  have  a 
probable  error  of  0.35  ft. 

In  the  primary  triangulation  executed  by  the  U.  S.  Geo- 
logical Survey,  not  for  geodetic  purposes,  but  with  sufficient 
accuracy  to  safely  control  topographic  maps,  the  average  cost 
per  station  is  $170,  and  the  cost  per  square  mile  controlled 
about  90  cents.  The  cost  per  day  for  working-parties  of 
from  two  to  five  members  has  averaged  $18.  The  speed  has 
been  at  the  rate  of  six  stations  per  month.  The  accuracy 
is  shown  by  closure  errors  averaging  3'^o.  The  probable 
error  of  this  triangulation  has  averaged  -^^^^^  which  may  be 
otherwise  expressed  as  1.32  feet  in  a  line  10  miles  in  length. 


CHAPTER   XXVII. 

SOLUTION  OF  TRIANGLES. 

256.  Trigonometric  Functions.  — Let  a  =  ai^e    GAB 
=  arc  GBt  and  let  radius  AB  =  AG  =  i ;  then 


sin  a  =  CB\ 
cos  a  =  AC\ 
tan  a  =  HG\ 

cotan  a=  /?£■; 
sec  ff  =  -4-W; 

cosec  a  =  ^£'; 

versin  a  =  BF\ 
coversin  a  =  BI\ 

chord  a  =  C^. 


Fig.  168.— TRiGOjfOMrrRic 
Functions. 


257.  Fundamental  Formulas  for  Trigonometric  Func- 
tions.— The  fundamental  formulas  are: 


sin'  a  +  cos'  a  =  i  ; 

cos  a  sec  «  =  I  ; 

sin  a 


tan  a  = 


tan  a  cot  a  =  i ; 

sin  a  cosec  a  =  i ; 

cos  a 


cos  a 


cot  flf  = 


sin  or' 


I  +  tan'  nr  =       ,      =  sec'  a\     i  +  cot'  a  =  ^— ,—  =  cosec'  a : 

'  cos  «  '  sin  a  ' 

versed  sin  a  =  1  —  cos  a, 

258.    Formulas    for    Solution    of    Right-angled    Tri- 
angles.— In  the  right-angled  triangle,  Fig.  168, 
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Let  a  =  altitude, 
b  =  base,  and 
€  =  hypothenuse ;  and  let 
tfy /8,  and  >^  =  the  angles  opposite  a^  6,  and  r,  respectively; 
also  let 
A  =  area  of  triangle,  and 
R  =  radius  of  circumscribed  circle. 

For  a  right-angled  triangle  y  =  90^ ;    the   fundamental 
values  of  a,  6,  and  A  are  then 

a  =.  c  sin  a  s^c  cos  /3  z=  6  tan  a  =  d  cotan  /3 ; 
6  =  c  sin  /3  =  c  cos  a  =  a  tan  /3  =  a  cotan  a;  and 
^  =  iai  =  i^'  cotan  a  =  ^d*  tan  a  =  i^r"  sin  2  a. 

Fig.  169  furnishes  a  method   of  graphically  stating  the 
formulas  relating  to  the  solution  of  right-angled  triangles. 


■fJtdlltT 


oaujH^MT 


cdfmt 


Fio.  169. — Graphic   Statement   of   Formulas    for   Solution  of 
Right-angled  Triangles. 

Let  P  =  perpendicular  in  a  right-angled  triangle,  the 
angle  between  the  base  of  which,  B,  and  the  hypothenuse,  //^ 
is  denoted  by  a. 

Then  the  diagram  is  applied  by  the  use  of  the  following 
rules,  the  order  of  sequence  being  to  follow  either  the  names 
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written  around  the  circumference  of  the  circle  or  by  following 
the  names  along  the  intersecting  lines  in  the  order  written ; 
thus: 

1.  Any  trigonometric  function  or  part  equals  the  adjacent 
part  divided  by  the  following  part.     Example : 

cos  a 
sin  a  =  — -—  ; 
cot  a 

also,  sm  a  =  — , 

and  a  = . 

cos  a 

2.  Any  part  equals  the  product  of  the  adjacent  parts. 
Example : 

^f  =  ^  sin  <r  =  ^  tan  a ;      cosin  a  =  sin  or  cotan  a. 

3.  Each  part  equals  the  reciprocal  of  the  opposite   part 
Example : 

I  I 

tan  =  — : ;  sec  a  = 


cotan  a  *  cosin  a 

4.   The  product  of  opposite  parts  equals  I.      Example: 
tan  a  cotan  £r  =  I. 

259.  Solution  of  Plane  Triangles. — In  the  solution  of 
geodetic  triangulation  there  arise  a  few  simple  problems 
which  involve  the  solution  of  triangles  in  accordance  with 
the  principles  of  trigonometr>'.  These  occur  when  one  or 
more  angles  or  sides  have  been  measured  in  the  field  and  the 
dimensions  of  the  remaining  parts  are  desired.  In  the  fol- 
lowing^ articles  are  illustrated  by  practical  examples  those 
problems  most  likely  to  arise  in  actual  practice. 

Table  XXXIII,  from  Smithsonian  Tables,  gives  all  the 
more  important  formulas  for  finding  unknown  parts  of  a 
triangle  with  three  parts  given. 
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Table  XXXIII. 

SOLUTION  OF  OBLIQUE  PLANE  TRIANGLES. 


Given. 

Sought. 

Formula. 

a 

tf ,  b^  c 

.ini<.  =  /^-*J^-'>,        x-Ka  +  *  +  ,). 

a,  b,  a 

P 

r 

A 

sin  fi  =  b  sin  a/a. 

When  a>  b,  fi  <qo!^  and  but  one  value  results.    When 

b>  a,  fi  has  two  values. 
r  =  i8o'  -  (a  -f  P). 

r  =  a  sin  y/sin  a. 
^  =  Ja^  sin  y. 

a,  a,P 

b 

y 

c 
A 

b  ^  a  s\n  fS/s\n  a. 

r  =  180"  -  (a  +  z:^). 

r  =  a  sin  y/s\T\  rt  =  a  sin  (a  -f  y5)/sin  ou 
A  =  \ab  sin  ^^  =  {a}  sin  /5  sin  ;^/sin  a. 

a,  b,y 

a 

c 

A 

a  sin  y 

tan  a  =  r '^ — . 

b  ^  a  cos  y 

««  +  «  =  90*  -  ir. 

taoK«-/^  =  ^^^cotJr. 
r  =  (a*  +  ^  -  2fl^  cos  r)^, 
=  l(a4-*)»-4«^cosMr!*. 

=  (a  —  ^)/cos  0,  where  tan  0  =  a  Vab  sin  J;^/(<i  —  ^» 
=  a  sin  y/s\n  a, 
A  =  i<2^  sin  r- 

S9>.  aOtUTiON  OF  TRiANGLBS^ 

26a  Gi?eti  Two  Sides  and  Included  Angtet  to  Sohre  the 
Triang^ 

tan  ff"  «=  log  U- j  (less  from  greater).  •     .     (52) 

tan  (a'  —  45"")  s=  tan  '  (less  from  greater).   (53) 
tanivX  tani(iv  +  /8)=:tanKa^/S).      .     (54) 

*(«+ /*)  +  *(«- /»)  =  «.      .     .     (55) 
FIG.  170.  i('»  +  /»)  -  i(«  -  /»)  =  /».      .     .    (56) 

Knowing  a  and  /8,  compute  remaining  parts. 

Check  is  that  the  sum  of  the  angles  or  «r  -|-  /Sj-|-  ^  =- 180^. 
For  convenience  always  call  greater  side  a\  then  as  greater 
side  is  always  opposite  greater  angle,  'a  is  opposite  tf. 

Example. 
Let  log  a  s  4.136x976  log  un  ^  =  8.606496 

log  b  =4.1786495  un  J(tt  +  /J)  =  a3X44757 

un  a'  =  ao3645i9  Un  Ka  —  /9)  =  8.9371253 

a*  =  47*  24'  o6".i  •      t<a-/y)=   4'  56' 48^,06 

jli! K«+  /«  =  V  or  i6''.35 

«  =    a*  24'  06".!  -  *(«-  /^  =    4]56V4^\o6 

i8o'  ^  =  59*  11'  34''-S9 

Let         r=       5il43l27^3  C4/ri. 

2)128*  16^  32'\7  a  =  69*  04'  58".4i 

4(a  +  /?)  =       64*  08'  16  '.35  fi  =  59*  11'  34".a9 

+  \{cc  -  /J)  =         4^  56^  42".o6  r  =  51*  43'  27".  30 

a  =       69°  04'  58".4i  180°  00'  oo".oo 

261.  Given  Certain  Functions  of  a  Triangle,  to  Find 
Remainder. 

The  sides  of  a  triangle  are  proportional  to  the  sines  of 
their  opposite  angles,  hence 

.     ^      ^  sin  a 
sin /?  =  —-— (57) 
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Example. — Let  a=  12.92    miles;   *=i53   ft.  7  in 
«=  130**  58'  i8".3. 

Almost  all  field  measures  made  in  the  United  States  are  in 
miles,  feet,  etc.,  while  all  geodetic  tables  are  prepared  on  the 
metric  system ;  hence  the  former  must  be  reduced  to  the  latter 
for  computation.  Reducing  miles  and  feet  to  the  same  unit, 
meters,  and  finding  the  corresponding  logarithms,  we  have 

log^i=  4-31790 

a.  c.  log  a  =  5.68210 

log*=  1.67035 

log  sin  a  =  9.87796 

log  sin  p  =  7.23041 

/r  =  00°  05'  5o''.62 

262.  Given  Three  Sides  of  a  Triangle,  to  Find  the 
Angles. 

s  =  one-half  the  sum  of  the  three  sides.  For  con- 
venience designate  \J  ^'^^  ^''^     ^^-^ZJj.  by  H,  then 

tania  =  ^— ^ (58) 

tani/?  =  j— ^ (59) 

and  tan  4;'=——.      • (60) 

Example.    c=    4.1908  WK 

b  =  40.8954 
az=z  43-7566 

2S  =  88.8428 

s  =  44.4214  log  s  =  1.6475922       ^,. 

s  ^  a  =    0.6648  log  =  9.8226910         \    jb 

s—d=    3.5620  **    =0.5472823 

J—  c=  40.2306  **    =  1.6045564 

Sum  of  logs  +  1.9745297 

logs=  -  1.6475^22-  .^^ 

H*  =       0.32693:75     - 
Nz=        0.1634688      Fig.' 172. 
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SOLVTIOS  OF  TRIAXGL£S. 


9.  ^226^10  =  log  /  —  « 
0.M0777S  =  log  tan  1« 
0.1634665  Z^;  log 

■  S47ggg3  J  -  *)  log 
9.6161665  =  log  tan  \fi 
0.1634'- 58  =  log^ 

1. 6045564   =   log  M  —   C 

S.5559124  =  log  tan  \y 


l4i  =  65'25'«7:    .•.«  =  i3«>''s6'5r 


1/5  =  «■  2^  06-;    .-./»=    44' S4'"' 


\r  =  »•  4'  rf.  .-.  r  =    4'  r54" 

Check  i5o*  00  oO" 


263.  Three-point  Problem. — The  object  sought   in  the 
c  solution  of  this  problem  is  the  determi- 

nation of  the    unknown    position    of   an 
^  occupied    station  P^  when    the   positions 
of  three  other  stations.  Ay  B^  and  £7,  are 
known.       (See    Graphic    Solution,    Art. 

75) 

The  problem  is  indeterminate    when 

P  is    on    the    circumference    of    a   circle 

passing   through  A^  B,  and  C      This   is 

known    by    the  sum    of  the  angles  /  + 

/>'+r,    being    equal    to    180",   and  also 

_  by  the  radius  of  the  circumference  pass- 

FiG.  i;-;. — Three-f-oint     -^  ^ 

Problem.  ing  PAC.  being  equal  to  that  for  PBC. 


cot 


X  =  cotR  =  i .    .     ^ 


sin  />' 


,+  i 


). 


(61) 


^d  sin/  cos  R 
in  which 

I,   R  =  360''  —/>—/>'  —  ^  or  R  =  X  —  }^  or  R  —  X  =  j\ 

l{  p  -I-  ^'  z=  c  or  nearly,  the  solution  is  impossible. 

->     loe       '  ~7>  =  log    of  a  number  taking   the   sign    of 

^  d  sin  />  cos  R 

cos  R. 

3.  Add  algebraically  +  i  to  the  above  number. 

4.  Take   out  the  log   of  this   number,  annexing  the  proper 

sign. 


THREE-POINT  PROBLEM.  6oi 

5.  Then  add  this  log  to  log  cot  R^  remembering  that  this  is 

in  effect  multiplying  one  by  the  other,  and  the  rule  of 
the  signs  must  be  attended  to;  this  gives  the  log  of  the 
cot  of  X.     Then  R  —  x  ^  y,  , 

6.  If  ^  <  90**,  cos  ^  is  +  and  cot  R  is  +.  I 
''  R<  270**  and  R  >  180^,  cos  ^  is  — ,  cot  ^  is  +, 

•*  ^  <  180^  and  R  >  90°,    cos  R  is  — ,  cot  ^  is  — . 
**  ^  <  360**  and  R  >  270°,  cos  R  is  +,  cot  R  is  — . 

7.  /'  is  at  opposite  side  of  quadrilateral  to  a,  and  /  to  6. 

8.  The  angle  c  is  always  the  interior  angle  of  the  quadri- 

lateral/*^CV4 ,  and  C  is  the  middle  point  as  seen  from  P. 

Example. — The  following  quantities  are  known  from  observation  or 
computation,  since  the  positions  of  B,  C,  and  A  are  known,  namely : 

a  =  6672.47  ft.;  /=    20*05' 53"; 

/'  =  35*  06'  08";  c  =  152*  23'  22". 

d  =  12481.66  ft.; 
Then 

R  =  152*  24'  37"  =  360*  -  p  -/  -  ^. 

log  a  =  3.8242868 

sin/'  =  97596958 

a.c.  log  d  =  59037277 

a.c.  sin  p  =  0.4639117 

a.c.  cos  R  =  0.0524258  — 

(cos  R  gives  sign)  0.0040478  —  =  the  number  —  1.009364 

as'inp^ -f  1. 000000       ^  =  152' 24' 37'' 

d  sin/ cos  i?  "*"  '  —  0.009364       x  =    88"  58'  24" 

^  =    63*  26'  13" 
number  —  0.009364  =  log  —  7.9714614 

R  =  152*  24'  37"  =  cot  -  0.2818637 

X  =    88**  58'  24"  =  cot  JT  =  H-  8.2533261 


CHAPTER    XXVIII. 


ADJUSTMENT  OF   PRIMARY   TRIANGULATION. 


264.  Method  of  Least  Squares. — By  the  method  of  least 
squares  is  understood  a  process  by  which  obsen^ations  arc 
adjusted  and  compared.  When  several  precise  measurements 
have  been  made  of  a  given  quantity,  no  matter  how  similar 
the  conditions  may  appear,  the  results  do  not  agree  and  it 
becomes  necessary  to  adjust  the  various  measures  or  obser\'a- 
tions  in  order  to  get  a  mean  or  apparent  agreement.  TbdH 
result  is  not  necessarily  the  true  value,  but  is  used  and 
accepted  as  such  since  it  is  a  mean  derived  from  the  combina- 
tion and  adjustment  of  all  the  measures  taken  which  arc  most 
probably  and  apparently  correct.  ^| 

Errors  of  observatwpi  are  of  two  kinds,  (i)  systematic  an^^ 
(2)  accidental ;    the   former,   resulting  from   unknown  causes, 
affect  all  observations  alike,  whife  accidental  errors  are  of  a 
kind  which  produce  discrepancies  between  observations:   ai^H 
it  is  this  kind  of  errors  alone,  and  not  the  systematic  errors^ 
which  are  considered  in  the  so-called  **  theory  of  errors"  and 
which  it  is  the  object  of  adjustment  to  minimize.     The  errd^J 
of  observation   is  truly  the  difference  between  the  observed 
and   true  value,  and  may  be  plus   or  minus  according  as  it 
exceeds  or  is  less  than  the  true  value.     The  object  of  the 
theory  of  errors  is  to  obtain  from   a  number  of  discordant 
observations  the   best   obtainable    result.     The  fundamental 
principle  of  the  method  of  least  squares  is  the  rule  of  Legendrc^ 
that,  in  observations  of  equal  precision  the  most  probable  valu 
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E''  obsen*€d  quantities  are  those  tliat  render  the  sum  of  the 
mares  0/  the  residual  errors  a  mtHinum. 
The  probable  value  of  an  observed  quantity  is  that  whicli 
c  arc  justified  in  considering  as  the  more  likely  to  be  the  true 
value  than  any  other.     As  stated  by  Prof.  Mansfield  Merriman* 
the  probability  is  expressed   by  an    abstract  fraction,  which 
measures  numerically  the  degree  or  likelihood  in  the  happening 
or  failing  of  an  event ;   as  confidence  may  range  from  improb- 
ability to  certainty,  so  this  measure  may  range  from  zero  to  one. 
I  the  figure  6,  for  example,  occurs  once  on  a  die  of  six  faces, 
e  probability  of  its  turning  up  when  thrown  is  \  ;    likewise,  if 
;he  same  figure  occurs  on  each  face,  the  probability  of  its  turning 
p  when  the  die  is  thrown  is  ^,  or  unity,  which  is  certainty* 

When  a  number  of  unknown  quantities  are  to  be  determined 

\y   means   of  equations    involving   unknown   quantities,    the 

uantities  sought   are  said   to   be   indirectly  observed.      It  is 

ecessary  to  have  as  many  such  indirectly  observed  equations 

there  are  unknown  quantities,  and  the  discovery  of  these 

nknown  quantities  by  solution  of  equations  is  the  method  of 

tst  squares >     The  differences  between  the  several  observed 

lues  and  that  which  is  taken  as  the  true  value  of  an  obser- 

atton  are   called   the  residuals,  and  these  are  the  apparent 

errors   of  observation.      When    observations    are    not    made 

under  the   same   conditions  and    the   computer   is    aware    of 

reasons  which  prevent  them  being  equally  good,  a  greater 

relative  importance  may  be  given  to  better  observations  by 

treating  them  as  equivalent  to  more  than  one  occurrence  of 

the  same  value  in  a  set  of  equal  observations;  in  other  words, 

they  may  be  weighted.      Weights  (Art,  284)  may  therefore  be 

regarded  as  numerical  measures  of  the  influence  of  the  ob' 

servation  upon  the  arithmetical  mean. 

In  observing  a  series  of  angles,  the  angles  read  at  station 
Walton,  between  points  n  and  0  =  a^  0  and  p^^  b^  p  and  q  =^  c, 
and  f  and  r=:rf(Fig.  175,  p.  615)  are  rendered  functions  of 
an  adjustment  equation.      If  combinations  of  these  angles  are 
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read  between  n  and  /  ^  ^.  Stmibirfy  with  tile  otken^  aau  by 
Ihtis  observusg  9M  of  tbc  separate  and  mattjr  of  tbe  i 
angles  it  becomes  possible  to  arrange  a  mmb^'  of 
0/  c^mdiii^n^  as  they  are  called.  In  these,  however,  the  mean 
observed  anglo  never  exactljr  sm  «p  as  tbejr  sbottU  theoreti- 
cal I>%  And  the  (iir  arc  called  the  restdmmli^ 

265-  Reject  10.  jobtfulObsenratiofK.— When  theod- 

olites or  other  angle-measanng  instruments  are  used,  there 
occur  among  a  number  of  observations  for  the  vahic  of  a  par- 
ticular angle,  one  or  xsayxt.  which  differ  greatly  from  the  mom 
of  all.  It  is  not  ad  viable  lo  depend  entirety  on  judgment  as 
to  which  of  these  obseri-ations  shall  be  retained  and  which 
rejected.  The  least  objectionable  criterion  \xy  which  to  judge 
as  to  the  rejection  of  doubtful  obserk-ations,  and  one  based 
on  mathematical  principles,  has  been  slated  by  Mr.  T,  A. 
Wright  thus: 

Where  an  observation  differs  from  ike  general  run  a/  the 
series  by  mare  than  Jive  times  tfu  Rotable  error  or  three  times 
tlu  mean  square  error,  attenti4^n  should  be  called  to  ii. 

An  excellent  fixed  rule  for  the  rejection  of  doubtful  obser* 
vat  ions  is  Peirces  Criterion^  which  is  applied  in  the  following 
manner: 

Let  m  =  number  of  measures; 

n  —  number  of  doubtful  observations  to  be  rejected 

(to  be  found  by  trial) ; 
e  =  mean  error  of  one  observation  in  the  set  of  iw; 
t/,  v\  etc,  =^  residuals  of  the  observations  or  the  difference  of 
each  value  from  the  mean ;  and 
X  =  ratio  of  required  limit  of  error  for  the  rejection 
of  H  observations,  lo  the  mean  error  e;  so  that 
xe  is  the  limiting  error. 
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REJECTION  OF  DOUBTFUL   OBSERVATIONS,  60$ 

The  value  of  jr'  for  «  =  i,  w  :=  2,  etc.  and  for  various 
values  of  m  is  found  from  Table  XXXIV.  All  observations 
in  which  xe  >  v  arc  to  be  rejected,  stopping  when  xt  for  any 
value  of  n  does  not  reject  any  observation  for  a  value  of  n 
numerically  one  less. 

Example. 


No. 

Ot>icrV7d  Angle*, 

r 

pi         1 

I 
2 

3 
4 

5 
6 

34"  09'  r/'.o 
34*  09'  32".o 
34*  09'  20  ',0 
34*  09'  16'  .5 
34'  09'   i7",o 
34'  09'  09". 5 

o".o 

3  .0 

o".o 
7^5 

0 

25.0 

90 

0*3 
0.0 
56.2 

Mcati  = 

34'  09'  i7".o 

^.^•=: 

90.5 

In  the  above  column  v  contains  the  differences  between 
consecutive  observations,  and  the  sum  of  the  squares  of  the 
differences  =  ^*iP  =■  90,5,  This  number  divided  by  the 
number  of  observations  less  1.  or 


^ 


2t^ 
m  —  1 


90-5 
6-  I 


^  18. I, 


gives  a  quotient  which,  multiplied  by  the  number  from  the 
table  of  constants  for  six  observations  (Table  XXXIV),  gives 
a*  592  X  18. 1  =  46.9,  Should  any  number  in  column  v* 
exceed  this  product,  the  observation  from  which  it  is  found 
must  be  rejected.  This  rule  requires  the  rejection  of  observed 
angle  No.  6  and  no  other,  and  a  new  mean  must  now  be 
found  for  the  remaining  angles,  giving  34°  09'  18".  5,  Feirce's 
Criterion  is  also  employed  in  determining  the  probable  error 
and  in  rejecting  doubtful  observations  in  astronomic  work. 
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Table  XXXIV. 

PEIRCES    CRITERION. 

1 

^■^ 

Values  of  jt*  for  n  ^  i. 

m 

1 

S               8 

4 

n 

6 

• 

§ 

• 

% 

1.4I0 

i 

1.9t9 

,..63 

S 

..»7a 

t.419 

• 

».w» 

..6«7 

t.Mfl 

^^^^^■L     7 

3.866 

S.910 

I  l°9 

t  045 

t 

3.109 
J  3*T 

a. 119 

»  5«9 
1  753 

::S 

i.ogt 

141 

a.S36 

»*464 

i.^H 

1. 531 

I,a4a 

11 

3'707 

a6tr 

».04S 

t.66» 

».373 

i.iaa 

il 

4  <W9 

,.7<S6 

...76 
>-»92 

1.785 
1,901 

\Z 

;:^ 

1.01ft 
»   <4S 

14 

4*173 

3,oj> 

«.4i6 

1,039 

1.709 

1 465 

>  »55 

t.OM 

U 

4.309 

3*«5' 

».Sa6 

S.ttI 

1.807 

J.S6« 

»-354 

1.1^ 

If 

4.436 

3.»<^4 

•-631 

».«>7 

1.S9S 

1. 651 

>.445 

I.a59 

t  080 

17 

4.S55 

3  37» 

*  Z^ 

■•^ 

1.983 

'? 

«»5»9 

\-!:x 

1.17* 

16 

4.6M 

3  475 

».Sa4 

•  389 

a. 069 

1.609 

t.»6i 

]» 

4.776 

3,571 

«.9M 

«.474 

a. 153 

««95 

1.68s 

1.504 

■•>•« 

to 

4M 

3.«4 

3.oot 

^i^ 

a.aa? 

1.970 

■.7ST 

".$76 

■  415 

SI 

4  97S 

3  75S 

J.<*t4 

».634 

a.3ot 

a.04t 

i.S»7 

i.^4 

t-4^ 

ti 

s,o6e 

3.840 

3  1<M 

•  .709 

>.373 

a.  109 

•  B93 

t.7K> 

ir 

tt 

5.«57 

3. 9*3 

3.«4«> 

a.78i 

a.  44a 

a. 176 

••957 

1.773 

U 

5'«4a 

4.003 

3.3«5 

aS|> 

'.509 

a. 340 

a. 019 

l.«jj 

>.67t 

Sft 

5»3*4 

4.^ 

3.387 

j.9to 

».S73 

a.joa 

a.079 

i.9ga 

«  7*4 

t« 

5- 403 

4  IS* 

3.456 

t.9»6 

a. 636 

a. 36a 

*  137 

1.948 

t.7«« 

4.«39 

4.a9t 

r5J 

3.049 
3.1M 

a.7S6 
*.8i3 

2.4ao 
■  •477 

«.«94 
a. 949 

9.«96 

1  891 

Sft 

4.JS« 

3.6s« 

3.tTl 

■  5^3 

a.fca 

a.io8 

1.94* 

«a 

5^ 

4-4" 

3.T11 

3  aa9 

a.869 

a.^6 

a  354 

a.isft 

t.990 

*t 

5.75^ 

5  8jo 

4.4B4 

rjs 

3385 

».9»^ 

a. 638 

».404 

a.ao? 

a.ojl 

89 

4.S43 

3  340 

9.976 

a.689 

a  454 

9.«5S 

a. 085 

St 

S.Ma 

4604 

3.884 

I;n^ 

1.0ai8 

a.  738 

a.Soa 

a. 30a 

a.tj© 

S4 

S  <H3 

4.661 

3.939 

3.078 

•  787 

a.  549 

■.347 

a. ail 

S« 

6.0CM 

4*7'7 

399" 

3-497 

3  "7 

•  .834 

».594 

a.3^ 

SA 

6.05B 

4.77* 
4  8*3 

4.044 

3.547 

3.«74 

a.<^ 

».6t9 

«*436 

a.a6i 

»; 

6. 113 

4.09s 

3.595 

j.aai 

a,9a6 

\% 

«.478 

a.jo* 

18 

6.167 

4*874 

4.M4 

\x 

3.»67 

J. 970 

a.S»o 

».3« 

M 

6<a{9 

4.9*5 

4.J9* 

3-3»^ 

3  013 

••^ 

a.561 

»3*3 

441 

6..70 

4.974 

4.«i9 

3  734 

3.356 

3.05s 

•.6of 

a^ 

41 

6.J10 

S.OM 

4.««S 

3*779 

3398 

3.097 

».«49 

•.640 

a.4«o 

4fi 

fi.*«g 

S.069 

4.331 

3.8« 

3.440 

3^*38 

a.ftSS 

a.  678 

»  4V7 

4t 

6.4e6 

5.114 

*  375 

3.86s 

3.48" 

3.178 

*.9»7 

a,yi6 

»*5J4 

44 

rj^^ 

5-tS9 

4.4t8 

J.906 

3.5« 

3.  "7 

3965 

•753 

»'57«> 

4^ 

5  9oa 

4.460 

3.947 

3.56* 

3.»55 

3.oea 

•  789 

t«06 

4ft 

««> 

5  345 

4.501 

3987 

3  600 

3  >93 

3039 

a.las 

a.641 

47 

6.596 

5.>87 

4  54* 

4«»« 

3638 

l:il? 

307s 

•*ft6o 

t.6ys 

46 

6.6|9 
6.681 

5.3»« 

4.58« 

4.06s 

3.67s 

3.t»o 

a»94 

•.708 

49 

5.3^ 

4.6,0 

4  «03 

3  7»' 

3.401 

3.  MS 

«.9»i 

a*  741 

m 

6.730 

5.40a 

4.657 

4.140 

3.748 

3.436 

3.179 

..96* 

».77# 

61 

6,76* 

5.447 

4.695 

4.176 

3.784 

3.47t 

J::2 

■.904 

a.8o6 

fii 

6.S00 

5.484 

4.7i» 

4  aia 

3,819 

3505 

3.oa7 

\*A 

fit 

6,83» 

5.5*1 

4.768 

4.^7 

3«53 

3S38 

3»79 

3.059 

S4 

6.876 

5-5S9 

4^&H 

4.a8a 

3887 

3.571 

33* « 

1.090 

«.»09 

^^^^^^_ 

hh 

6.9*3 

5.59s     1 

4^839 

4  J16 

39»o 

3.603 

3  34« 

3.itl 

a8a9 

^^^B 

«6 
17 

SiSiS 

MS 

4873 
4907 

\m 

rsi: 

\% 

3.373 
3.404 

V,8. 

::^ 

^^^^^^^ 

6H 

7.63» 

5.699 

4.94  ■ 

4.4*5 

4.016 

l»6v7 

3  434 

3*aio 

lot? 

^^^F 

«'»0 

7.030 

5.713 

4.974 

4.447 

4.047 

3.7^1 

3  463 

\:& 

«.««6 

h 

7  990 

■ 

5.766 

i 

5tOo6 

4.478 

4.071 

3  758 

3  49» 

• 

J.U74 

J 
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266.  Probable  Error  of  Aritbitietic  Mean. — It  is  some- 
times  desirable  to  determine  the  relative  precision  of  different 
series  of  observations  or  X\\^\x  probable  error.  The  probable 
error  of  the  arithmetic  mean  of  a  number  of  measures  is  given 
bv  the  formula 


(62) 


^m\m  —  i) 

which  R  =  probable  error  of  arithmetic  mean; 

!        0.6745  ==  a  constant  given  by  theory; 
■  2  ==  a  symbol  denoting  **  the  sum  of." 

I     The  probable  error  of  a  single  observation  in  the  series  is 
mven  by  the  formula 


r  =  0.6745 


V    m  —  I 


(63) 


^11 


Example. — ^The  application  of  the  foregoing  formula  is 
ustrated  in  the  following  tabular  form : 


Between 
ObflcrvatioDS. 

Reduced  InterTmls. 

V 

trt 

10 

40'  35'  33^.5 
31   .6 

26  ,2 
35    .0 
35    .0 

27  5 
38  a 
18  .8 
30  .0 

-f  6'\423 
+  5    523 
-ho  .123 

-  I  .077 

-  I  .077 

+  I  .423 
+  2  .023 

-  7  *277 

-  6  ,077 

4i'.2i6 

30  .470 

.015 

I  .166 

I  .166 

3  .Ol6 

4  .080 
52  .853 
36.9<>6 

Sum 
Mean 

s  334"-7 
=    a6",o77 

Sp^  =  i6q".948 

_          0.6745          
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The  factors     !^'^^^^    ,  and    ?-?l^  are  tabulated  be- 


Vmijm  —  i) 


t'jw—  I 


low. 


Table  XXXV. 

FACTORS  FOR  COMPUTING    PROBABLE    ERROR  BT   BESSEL'S 

FORMULAS. 


< 

Si-Kie 

Set  of 

Ok« 

ervatioML  Otai 

"'-' 

« 

».6745        < 

>.674S 

m                  ^ 

W-.     «^-i 

<«-.) 

3 

6749 

4769 

3 

4769 

«754 

4 

3«94 

19^7 

5 

337« 

1506 

6 

3016 

.1331 

7 

2754 

.1041 

8 

2549 

.0901 

9 

.a3«5   . 

.0795 

lO 

.«48   1 

.0711 

II 

.3133 

.0643 

13     1 

.2034   , 

.0587 

13    1 

.1947 

.0540 

14    i 

.1871 

.0500 

15 

1S03 

.0465 

i6 

.1742 

.0435 

'7   i 

.1686 

.0409 

i8    ' 

.1636 

.0386 

19 

.1590 

0365 

20 

.1547 

.0346 

267.  Reduction  to  Center. — The  first  operation  in  the 
computation  of  a  system  of  triangulation  is  that  of  reducing 
to  the  center  of  the  station  such  observations  as  were  taken 
with  the  instrument  not  centered  over  it.  The  mode  of  mak- 
ing such  reduction  is  best  illustrated  by  the  following  example 
taken  from  the  triangulation  of  the  U.  S.  Geological  Survey 
in  Kansas,  in  which  the  position  of  the  instrument  on  the 
station  Walton  was  eccentric  to  the  station. 
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In  Fig.  174  let 
P  =  place  of  instrument ; 
C  ==  center  of  station ; 
^  ^  angle  at  P  between  two  ob- 
jects, A  and  B\ 
=  angle  at  P  between  C  and 
the  Ayz-hand  object,  B\ 
r  =  distance  CP\ 
C  =■  unknown  and  required  angle 

at  C\ 
^D  =  distance  AC\ 
G  =  distance  BC;   and  ^^^*  i74-Rkduction  lo  CE^rrmR. 

ji  =  angle  at  A  between /'and  C 

Then,  from  the  relation  between  the  parts  of  the  triangle, 

ff  :  r  ;  :  sin  /  :  sin  -ff ;       ♦     .     ,     ,     (64) 
Tience 


,  r  sin  j' 

sm  B  =  - — p^^. 


(65) 


As  the  angles  at  A  and  B  are  very  small,  they  may  be  re- 
garded as  equal  to  A  sin  i"  and  B  sin  i";   hence 


^^and 


B  =  (in  seconds)  ^ 


r  sm^' 


Bin  1 


77» 


C=0 


r  sin  (O  ±  j^) 
Z?sin  i" 


r  sm^ 


(66) 


(67) 


In  the  use  of  this  formula  proper  attention  should  be  paid 
to  the  signs  of  sin  (O  +/)  and  sin  j;  for  the  first  term  will 
be  pasitive  when  {O  +  j)  is  less  than  180**  (the  reverse  with 
sin  y)\  D  being  the  distance  of  the  right-h^ind  object,  the 
graduation  of  the  instrument  running  from  left  to  right. 

r  being  relatively  very  small,  the  lengths  of  D  and  G  arc 
approximately  computed  wuth  the  angle  O. 

The  fQllowing  quantities  must  be  known  in  addition  to  the 
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measured  angles  in  order  to  find  the  correction  for  r^duci^^ 
to  center : 

1,  The  angle  measured  at  the  instrument*  /*,  between  the 
center  of  the  signal  or  station,  C,  and  the  first  observed  station 
to  the  left  of  it,  B. 

2,  The  distance  from  the  center  of  the  instrument  to  the 
center  of  the  station  =  r. 

3,  The  approximate  distances,  /?,  C,  etc,  from  the  sta- 
tion occupied  to  the  stations  observed.      The  latter  may  be 
computed  from  the  uncorrected  angles. 

The  practical  mode  of   determining  the  correction  to  each 
angle  read  at  the  instrument  on  Walton  to  a  corresponding 
angle  at  the  center  of  the  signal  or  station  (Fig.   175)  is  illus- 
strated  as  follows : 

Example.— Reduction  to  center  or  station  at  Walton  ^. 

[Sec  explanaiion  ;  Appendix  No.  9,  page   167,  U,  S,  Coast  and  Geodetic 

Survey  report  for  1882.) 

Distance,  inst.  to  center  =  o'.48  log  =  9  68ta: 

lag  feet  to  meters  =  0.5160;                             ^^1 
Distance,  inst.  to  center  log  meters  =  9.1652  =  log  r<             ^^k 

Direction* 

jr  to  « 
7". 

jrtotf 

J- 10/ 

.Si»: 

»73** 

loi?  sin  an irlc 

9.0S59 

59321 
9.1652 

5.3144 

99806 
5.9182 
9,1652 
53144 

9.9849 
6.4228 
9.1652 
5-3144 

8,9403 
62434 
9.1652 

5-3144 

9.9994 
6.0079 
9.1652 

5.3144 

6.2514 

9.1652 

5-3i44 

a.c.  log,  distance 

a.c.  loi?  sin  I " 

Correction  lo  direction.- 

9.4976 

o'\3t 

<>'3784 
2".39 

0.8873 

7'.7i 

9.6633 
0^.46 

o.j86g 

y'-o6 

0.6390 
4'.36 

i 

Correction  10  angle  ^  =  «  to  *»— 0.31+2.39  =  +2.08     Chec 
h-  0  to/>-2.39-f7.7r  -  +5  32 
^  =  «r  io/-a3i-h7.7i  =  -|-7'40 

5  .3t»       s  M 
4  .67        1  .3< 

d=  qti. 
e  =  rU 

! 

>  r-f  0  4t 

>j-|-3*0^ 
)  1+0.46 

>W'f4.3' 

>  — 3.06  = 
»-4.3b  = 
-4.36  = 
>+0.3l   : 

=  -2.60 
=  —1.30 

-  -3  90 
=  +4.63 

ia",o7  =  12*  ^ 
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The  corrections  +  2\q%,  +  5^3-.  etc.,  found  in  the  last 
colunin  above,  are  those  which  arc  applied  to  the  observed 
angles  (Example,  Art,  268)  to  reduce  them  to  center  of  sta- 
tion. 

268.  Station  Adjustment. — Doubtful  observations  hav- 
ing been  eliminated  and  the  observed  angles  having  been 
reduced  to  center  of  station,  the  next  step  is  the  station 
adjustment.  The  sum  of  all  the  angles  closing  on  the 
horizon  and  observed  at  the  center  of  any  stations  should 
equal  560*^,  and  the  sum  of  any  two  angles,  as  a  and  ^  (Fig. 
175).  should  equal  their  combined  observed  angle  ^,      In  fact, 

tit  will  be  found  that  this  is  not  the  case  owing  to  errors  of 
observation  due  to  various  causes  (Chap,  XXVI),     The  object 

\cf  t\\^  station  adjustment  is  to  so  distribute  these  errors  among 
the  angles  a,  b,  and  g  as  to  give  the  most  probable  values 
which  will  satisfy  these  conditions.  The  following  example 
is  taken  from  the  same  station  Walton,  as  is  the  example  of 

■  reduction  to  center  (Art.  267), 

Example. 


L 

OtM  Angles. 

Sutiofi 
Adjuiit< 
meot. 

Reduo 

tion  to   1 
Ceater. 

Aoiclet  Locally 

Adjuftied  and 

Reduced  lo 

Center. 

W 

m  Du nkard— Peahody .., 

i  Peabodr-Newt ' 

Sum...'  »* .               ..,,,= 
g  DiuikKtit— NewKoDCM.).  \\\'.\., 

DUIer^oce     — 

3* 

45    *«.17 
47     S^'S** 

4- ..08 
+  5.3* 

H    45    3096 
3»     4S    04.34 

97 
97 

33    ^687 
31    »'*3« 

97    33    3S.J0 
97    33    3J.30 

-  <49 

+  7*40 

-  i.5» 

OQ.OO 

d  Town  sh  i  p  cor.— Royer . ...  . » . 
9  Royer^Hetinctt . ,   ,,...,,*«.., 

\'t 

»7 
J4 

44     37<4i 

00    03 '35 

87    44    54  as 
34    00    ot.49 

Sum -  .  = 

k  Town»hi|>  cor.—  Beooeu 

•t1 

44    fio-76 
44     59.0s 

I3t     44     5S-74 
»ai     44     S5.74 

4-.S9 

-390 

+  7.40 
-8.17 
'3-90 

-l-..7i 

00. oo 

U 
97 
79 
tat 

09    t6.i7 
33    »;-39     1 

44     S9'OS 

6t     09    Ji>.86 
97    33    35.30 
79     3«     5<''o 
i»«      44     55   T4 

/- Dunkard— Nrwi.. ♦ 

t  Newt— Township  cor* 

h  Tp.  corner.— Bennett*,., ♦♦,  .*. 

Sua - 

35* 

59    5V.W 
-0.14 

36ft     00     00.00 
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269.  Routine  of  Station  Adjustment — In  the  solution  of 
a  station  adjustment  a  certain  fixed  routine  is  followed  which 
furnishes  the  simplest  arrangement  for  determining  unknown 
corrections  to  the  angles  read  around  the  horizon.  The 
various  operations  performed  in  the  course  of  this  solution  are 
elaborated  in  the  following  articles;  some  are  identical  with 
those  performed  in  the  solution  of  a  figure  adjustment  (Art. 
273).  to  which  latter  operation  reference  is  made  in  the  proper 
places.      The  routine  consists  of  the  following: 

1.  The  determination  of  the  differences  between  separate 
observed  angles  and  their  combined  observed  angle  as  between 
a  -\'  b  and  g^  as  shown  in  the  second  column  of  the  preceding 
example.  These  furnish  the  equations  of  condition.  (Art, 
27a) 

2.  The  formation  of  a  table  of  correlates  from  the  equa- 
tions of  condition.     (Art.  271.) 

3.  The  transfer  of  the  table  of  correlates  into  normal 
equations.     (Art.  272.) 

4.  The  solution  of  the  normal  equations  for  the  determi- 
nation of  the  unknown  quantities.      (Arts.  272  and  281,) 

5.  The  substitution  of  the  corrections  found  back  into 
the  table  of  correlates.     (Art.  272.) 

6.  The  placing  of  the  corrections  to  the  angles  found  by 
the  last  operation  in  the  proper  place.  (Example,  Art.  268* 
column  three,  also  Art,  2T2,^ 

7.  The  addition  or  subtraction  of  the  corrections  to 
or  from  the  observed  angles.  (Example,  Art.  268,  column 
three.) 

8.  The  addition  or  subtraction  of  the  correction  resulting 
from  reduction  to  center  (Art.  267)  to  or  from  the  corrected 
observed  angles.     (Example,  Art.  268,  column  four.) 

270.  Equations  of  Condition. — In  the  column  of  *•  Ob- 
served Angles**  (Example,  Art.  268)  occur  the  following  three 
equations  of  condition : 


EQUATIONS  OB   CONDITION.  613 

(A)  a-\'b  —g-  i".  52  =0; 

(B)  rf  +  r-A+i".7i  =0; 

(C)  /+^  +  M->4-o''.i4  =  o; 

in  which  the  letters  represent  not  the  angles,  as  in  the  dia- 
gram, but  unknown  corrections  to  the  angles.  The  method 
of  solving  these  equations  is  briefly  described  in  the  next 
Article.  The  description  is  elaborated  in  the  example  of  a 
figure  adjustment  (Arts.  273  to  284),  which  may  be  consulted 
in  this  connection. 

The  number  of  equations  of  condition  which  may  be 
arranged  is  limited  only  by  the  number  of  single  and  com- 
bined angles  observed  (Fig.  175).      In  fact,  however,  provid- 


Fig.  175. — Station  Adjustment. 

ing  all  of  the  possible  combinations  have  been  observed,  only 
a  portion  of  them  are  employed  in  the  adjustment  and  used 
to  make  additional  conditions.  This  number  is  limited  by 
the  angles  used  which  enter  into  the  figure  adjustment  (Arts. 
276  and  278).  Thus  it  is  unnecessary  to  introduce  conditions 
by  the  adjustment  of  angles  which  will  not  form  a  part  of 
some  one  of  the  figures  which  is  to  be  adjusted  later.  In  the 
case  considered  the  figures  resting  on  the  station  Walton  are 
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SO  disposed  about  it  that  it  is  necessary  to  solve  but  three 
equations  of  condition. 

The  above  equations  result  from  the  fact  that  the  sum  of 
the  angles  a  and  b^  as  separately  observed,  fails  to  equal  their 
corresponding  sum  angle  ^,  as  it  was  measured.  The  differ- 
ence r'.SO  is  the  amount  which  is  to  be  divided  among  the 
three  observed  angles  as  a  correction  to  each.  The  object  of 
the  least-square  station  adjustment  is  to  so  apply  these 
corrections  that  the  resulting  angles  will  be  such  that 
a-^  b  —  g ^o\   and  so  for  the  others. 

271.  Formation  of  Table  of  Correlates. — By  this  mode 
of  solution  corrections  are  found  which  fulfill  the  conditions 
expressed  in  the  equations  of  condition  (Art,  270).  The 
method  of  least  squares  is  described  in  Article  264,  and  no  at- 
tempt will  be  made  to  explain  it  theoretically  here.  The  lists 
of  works  of  reference  (p»  809)  show  where  the  theory  may  be 
studied,  the  more  important  books  on  the  subject  being  those 
of  Chauvcnet.  Wright,  and  Merriraan.  Its  application  in  the 
simpler  geodetic  operations  is  best  explained  by  examples,  of 
which  this  is  typical. 

In  the  solution  of  the  above  equations  by  the  method  of 
•least  squares,  they  are  first  written  in  the  form  of  a  table  of 
correlates,  the  letters  at  the  top  designating  the  equations,  as 
follows ; 


A 

B 

C 

a 

I 

k 

1 

€ 

I 

d 

I 

t 

t 

f 

I 

^              I 

—  1 

I 

k 

—  I 

I 

Thus  a  occurred  in  equation  (A),  now  called  column  A, 
-|-  I  time,  and  the  figure  I  is  written  opposite  a  in  column  A. 
So  jf  occurs  —  I  time  in  equation  (A),  and  is  written  in  column 
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A;  also  -\-  1  time  in  equation  (C),  and  is  written  so  in  column 
C  opposite  gt  etc. 

The  above  table  of  correlates  is  now  solved  according  to 
.the  algebraic  formula: 


a*  +  ab  -|-  ac  +  ad,  etc*  ; 
ba-^-  d'  +*r+Ketc, ; 
ca  -{-  cb  -{-  r'  +  cJ,  etc, ; 


(68) 


^F^  272.  Formation  of  Normal  Equations  and  Substitutioa 
^^in  Table  of  Correlates,— This  is  accomplished  by  multiply- 
ing each  coefficient  in  the  above  table  by  itself  and  by  every 
other  in  the  same  horizontal  line  and  summing  them.  Then, 
by  substituting  the  result  back  in  the  equations  of  condition, 
there  are  formed  the  fallowing  three  normal  equations.     Thus 


A.     -f  3-c»oA —  i.ooC  —  i".52  =  o 

B*     .- 4-3'OoB  -  I  ooC  +i",7i  — o 

C-     —  i.ooA  -  i*ooB  4-  4.00C  —  o".l4  =  o 


column  A  is  multiplied  vertically  into  itself  3  times;  into  B, 
horizontally,  no  time,  as  neither  column  has  coefficients  on 
the  same  horizontal  line;   and  into  C,  horizontally,  once. 

These  three  equations,  involving  three  unknown  quantities, 
are  then  solved  by  elimination  (Art.  281)  with  results  as  fol- 
lows: 


A  =  +  .515; 
B  =  --562; 

C  =  +  .023. 


These  values  of  A,  B,  and  C  can  now  be  substituted  in 
the  table  of  correlates  (p.  164),  columns  A,  B,  and  C;  the 
algebraic  sum  of  lines  a,  b,  c,  d,  etc.,  giving  corrections  to  the 
angles  a,  b^  r,  d,  etc. 


i 
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A 

B 

C 

CO  Aairlcn. 

+  *5I5 

a 

+  .515 

^ 

+  .515 

-h  ^515 

c 

+  •023 

+  -t>23 

d 

-.562 

-.562 

t 

-,562 

-.562 

f 

4-  .023 

+  ^023 

S 

-    515 

+  .023 

-  *492 

A 

+  .562 

+  .023 

+  .5S5 

The  above  are  the  corrections  which  have  been  entered  in 
the  example  (p.  6m)  under  the  column  heading  **  Station 
Adjustment/'  The  algebraic  summation  of  the  corrections  in 
that  column  and  those  in  the  column  headed  **  Reducction  to 
Center*'  give  the  column  of  final  locally  adjusted  angles.  In 
these  it  will  be  noted  that  the  sums  of  the  various  observed 
angles  exactly  equal  their  corresponding  combined  observed 
angle. 

273.  Figure  Adjustment — In  primary  triangulation  com- 
putation for  figure  adjustment  means  the  fulfilling  of  the  con- 
ditions imposed  by  the  various  triangles  which  form  geometric 
figures.  (Art.  238.)  The  length  of  any  side  in  any  triangle 
in  a  triangtdation  net  being  known  and  all  the  angles  measured, 
the  length  of  any  other  side  may  be  computed  by  following  at 
least  two  independent  routes  through  the  intervening  triangles. 

The  object  of  a  figure  adjustment  is  to  find  from  a  given 
set  of  measured  angles  the  values  which  will  remove  the 
contradictions  among  them  and  will  satisfy  the  following  two 
classes  of  conditions: 

1.  The  heal  conditions,  or  those  arising  at  each  station 
from  the  relations  of  the  angles  to  one  another  at  that  station. 
These  are  satisfied  by  the  station  adjustment.     (Art,  268.) 

2.  1\\G  general  conditions^  or  those  arising  from  the  geo- 
metrical relations  necessary  to  form  a  closed  figure.  These 
are  satisfied  by  the  figure  adjustment,  and  are  of  the  following 
three  kinds: 
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of  the  angles  of  each  triangle  must  be  equal 


{ft)  The  sum 
to  180*  plus  spherical  excess, 

{b)  The  length  of  a  sfde  must  be  the  same  by  whatever 
route  it  is  computed  from  the  given  base. 

(r)  The  adjusted  values  of  the  angles  must  be  the  most 
probable  that  can  be  found  from  the  observations. 

Ordinarily  the  angles  have  been  measured  by  instruments 
and  methods  better  than  the  requirements  of  mapping,  and 
in  such  cases  it  is  not  necessary  to  make  a  figure  adjustment 
other  than  an  arbitrarily  equal  or  perhaps  weighted  distri- 
bution of  the  error  of  each  triangle  among  the  three  triangles 
which  compose  it.  The  necessity  of  a  more  elaborate  adjust- 
ment may  arise  where  the  computations  are  to  be  carried 
through  a  long  scheme  of  triangulation  connecting  distant 
points,  when  it  becomes  desirable  to  make  so  rigid  an  adjust- 
ment that  any  connection  with  this  scheme  of  triangulation 
from  any  direction  will  not  alter  the  computed  quantifies. 

Rigid  fig^ire  adjustment  is  made  by  the  method  of  least 
squares,  and  the  simplest  mode  of  explaining  such  adjustment 
by  an  example  taken  from  actual  practice  rather  than  by 
algebraic  formulas.  The  latter  may  be  found  fully  elaborated 
by  Chauvenet,  Merriman.  etc.  Such  an  example  is  the 
following,  taken  from  a  scheme  of  triangulation  executed 
with  vernier  theodolite  for  the  U.  S.  Geological  Survey  and 
computed  and  in  part  elaborated  by  Mr.  E.  M,  Douglas: 

274.  Routine  of  Figure  Adjustment* — In  making  a 
figure  adjustment  a  certain  tabular  routine  is  followed,  be- 
cause it  furnishes  the  simplest  arrangement  of  solving  a 
complicated  scries  of  algebraic  problems  and  in  the  most 
mechanical  manner.  This  consists  practically  of  seven  sepa- 
rate operations,  which  are  elaborated  in  the  following  articles. 
The  order  presented  is,  after  a  description  of  the  notation,  as 
bllows : 

I.  The  formation  of  the  angle  equations,     (Art,  276.) 

2*  The  determination  and  application  of  the  spherical 
excess  to  each  triangle.     (Art.  2TT,) 
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3.  The  formation  of  side  equations.     (Art.  278.) 

4.  The  solution  of  the  angle  and  side  equations,  which  i^ 
performed  as  one  operation.     (Art.  279.) 

5.  The  summation  of  angle  and  side  equations  (Art.  279)^ 
which  consists  of  the  following  separate  operations: 

(a)  The  formation  of  a  table  of  correlatives.      (Art,  280.' 

(b)  The  formation  of  normal  equations  from  the  tabic 
correlatives.     (Art.  280,) 

{c)  The  algebraic  solution  of  the  normal  equation  by  the 
least-square  method.      (Art.  281.) 

{d)  The  substitution   back   into   the   normal  equation   oL 
the  values  found  by  elimination.     (Art,  282,) 

{€)  Solution  of  the  table  of  correlatives  whereby  the 
numerical  values  of  the  corrections  to  the  angle  and  to  the 
sides  are  obtained.      (Art.  283.) 

6.  The  substitution  of  the  corrections  to  the  angles  and 
sides  back  into  the  angle  and  side  equations  (third  and  fourth 
columns^  example,  Art.  276,  and  fourth  and  fifth  colui 
example,  Art.  279), 

7.  The    determination    of    the    final    corrected    spherica 
angles  and  sides  as  a  result  of  the  application  of  the  side  an 
angle    corrections    to    the    observed   angles  (last    column    o£ 
examples,  Arts.  276  and  2y^. 

275.  Notation  Used  in  Figure  Adjustment. — An  angl 
may  be  considered  to  be  the  difference  in  azimuth  or  direc- 
tion of  two  lines  Bounding  it.  Azimuths 
are  counted  from  the  south  through  the 
west,  north,  and  east.  Therefore  the 
angle  4,1.2  is  equal  to  the  azimuth  of 
the  line  2.1  minus  that  of  4«l»  and 
may  be  written 

4.1,2     or     -\  +  \^ 
\i\  the  second  form  tlie    number  at   t 
vertex    of    the    angle   is    always    written 
underneath  the  other  numbers.      If  written  in  the  first  inan> 


Fic.  176. — Angle  anjj 
Side  Notation. 
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ner»  4.1.2^  the  numbers  should  be  in  such  order  that  when 
the  vertex  of  the  angle  is  toward  the  observer  the  left-hand 
station  number  is  written  first.  The  angle  4.1.2,  if  written 
without  signs,  would  then  be  read  minus  the  side  (or  direc- 
tion) 4.1  plus  the  side  2.1;  that  is,  the  angle  would  be 
-  4.1  +2.1. 

276.  Angle  Equations. — The  sums  of  the  three  measured 
angles  of  any  triangle  should  =  180^  -f-  its  spherical  excess. 
Each  fails  to  do  this,  however,  by  a  small  amount,  which  is 
distributed  as  a  correction  to  each  angle.  As  a  result  each 
triangle  furnishes  an  equation  of  condition^  which  is  called 
the  angle  equation,  Tlie  number  of  angle  equations  in  any 
figure  if  equal  to  the  number  of  closed  sides  in  the  figure  -j-  I 
and  "  the  number  of  stations.  Thus  in  a  closed  quadrilateral 
(Fig.  177)  the  number  of  angle  equations  is  6  4-  '  ^  4  =  3. 
The  corrections  to  the  angles  as  found  by  solution  are  in- 
serted in  the  fourth  column  of  the  following  example  of  a 

I  figure  adjustment.  In  this  example  the  various  angles  are 
i  designated  in  the  first  column,  in  accordance  with  the  nota- 
^Hon  just  given;  in  the  second  column  are  written  the  plane 
^Kngles  resulting  from  the  station  adjustment  (Art.  268)  and 
^Khe  accompanying  correction  for  reduction  to  center;  in  the 
[  last  column  are  given  the  corrected  spherical  angles,  the  sum 
of  which  must  equal  180^+  spherical  excess. 

277,  Spherical  Excess. — The  angles  observed  in  the  field 
^are  measured  on  a  spherical  surface,  and  the  sum  of  the  three 
^Bleasured  angles  of  each  triangle  should,  if  exactly  measured, 
^equal  180°  plus  spherical  excess.  This  quantity  must  be 
'     computed  and  subtracted  from  the  sum  of  the  angles  only  for 

the  purpose  of  testing  the  accuracy  of  closure  of  the  triangle. 
since  in  the  final  computation  the  angles  are  treated  as  plane 
ngles. 

Since  the  spherical  excess  amounts,  between  latitudes  25** 

id  45",  to  about  1"  for  an  approximate  area  of  75.5  square 

miles,    an  empirical  formula    for  approximately  determining 
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Otaenrcd  Aflflca. 

! 

CorrecdoM  to  Sides.   1 

Correction 
forcack 
Aotle. 

OancMd 
Spkcaical  A^da. 

I.  2.  3- 
2.3.  I. 
3.  I.  2. 

•      0        i» 
123  26  46.67 
340911.89 
22  23  S4. 34 

4-  1.447  +  0-962  \ 

4-0.9604-  1.534 

4-  1.538  4-  1.448 

+  2.41 
+  2.49 
+  2-99 

1232649.08 
340914.38 
22  23  57.33 

Sum  = 
a 

179  59  52.90 
».  c.   0.79 

4-7.889 

+  7.89 

180  coca  79 

Error,  —  7.89 

2.  3.4- 

3.  4-  2. 

4.  2.  3. 

76  57  41.76 
45  15  50.41 
574628.77 

-h  0.960  -  0.574 

-  0.575  -  0.487 

—  0.485  4"  0.962 

4-0.38 
-  1.06 

4-048 

765742.14 
46  15  49.35 
57  46  29.25 

Sum  = 

^ 

1 

180  00  00.94 
s.  c.   0.74 

-0.199 

—  0.20 

180  000a  74 

Error,  4-0.20 

1 

1 

1    1.  3-  4. 

1    3-  4.  I. 

;  4. 1-  3- 

4248  29.87 

105  36  13.12 

31  35  22.54 

-  1.534  -  0.574 

-  0.575  —  0.088 

-  0.090  —  1.538 

-2.11 

-  0.66 

-  1.63 

42  48  27.76 

105  36  13.46 

31  35  2091 

Sum  = 
c 

1800005.53 
s.  e.    1. 13 

-  4.399 

,     -  4.40 

i 

18000  01.13 

Error,  +  4.40 

•    I.  2.  4. 

2.  4.  I. 

!    4-1.2. 

65  40  17.QO 
60  20  22.71 
53  59  16.88 

4-  1.447  +  0.485 
-f  0.487  -  0  088 
-  0.090  4-  1.448 

'     +1.93 

1    4-  0.40 

+  1.36 

65  40  19.83 
6020  23  II 
53  59  18  24 

Sum  = 

1     179  59  57-49 
s.  e.    1. 18 

Error.  —  3  69 

-f  3.689 

4-3.69 

I  0  00  01.18 
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Spherical  excess  in  triangles  of  less  area   than    500   ^uare 
mites  is 

r-  /-               ,  s        area  sq.  mi.        ,  ^  ,^  ^ 

E  (in  seconds)  =  at  Jat,  40  .      .     (69) 


For  latitude  20*  a  constant  divisor  is  74.76,  and  for  lati- 
tude 60**  it  is  76.42.  The  area  of  the  triangle  may  be  com- 
puted with  sufficient  accuracy  by  considering  the  angles  as 
correct*  and  subtracting  one- third  of  the  excess  of  the  angles 
above  180"*  from  each  angle. 

When  the  area  of  a  triangle  is  lai^er  than  100  square 
miles  the  spherical  excess  in  seconds  should  be  determined 
by  the  equation 


£  = 


r  sin  J 


ab  sin  c 
2r*  sin  1" 


(70) 


k 


which  A  —  area  of  triangle  in  square  miles,  and 

r  =  radius  of  curvature  of  the  earth  in  miles,  and 

s  a  constant  for  a  given   latitude,  or  may  be  assumed  as  a 

constant   in    the   latitudes    included    within    the   area  of  the 

United  States, 

*w^.         ,  ^    ^       ab  sin  c  ,        ,  .... 

i  he  value  of  -i4  ^  - — ~ — -  may  be    determmed   by  the 

The  log  mean   radius   of  earth  in 


empirical   formula  (69). 
miles,  r  =  3S972790. 

As  the  value  of  the  divisor  in  formulas  (70)  is  a  constant 
for  different  latitudes,  it  may  be  expressed  thus: 


m  — 


2r^sin  I"* 


and  we  have 


E  =s  at  sin  £7  X  *w. 


(70 
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.  TABLli  XXXVI, 

LOG  m  FOR   DETERM1KING  SPHERICAL  EXCESS. 

FOB  DdfTASfCKs  in  nrruis. 

(Computed  for  Clarke's  Spheroid  of  iB66  from  Appeodis^  7.  U«  S.  C<hMi 
and  Geodetic  Survejr  Report  for  iSS^.) 


LutitodcL 

U««. 

Uttifudfe. 

I-- 

jl^Cvde. 

Lac*r,  j 

1 

LMiCMde. 

^j 

*   * 
10  00 

t.40^5 

}    33  00 

I.4»S39 

44  00 

1 
1,40410 

516  DO 

1.40190 

ao  30 

622 

1  ja  30 

524 

)    44  30 

4OS 

5t»  30 

215 

31  00 

619 

3300 

519 

4500 

400  1 

57  00 

3te 

SI  30 

615 

33  30 

514 

f  45  30 

395 

57  30 

«5ft 

S9  00 

ti% 

34  00 

50q 

;  46  00 

390 

SS  00 

m 

as  jn 

606 

54  30 

fos 

46  30 

3^5 

St  30 

366 

S3  00 

604 

3500 

Sm 

47  «> 

3«o 

5900 

163 

«3  3«> 

601  1 

35  30 

4t5 

47  30 

375 

59  30 

tS7 

&I  cm 

597 

36  oo 

491 

4Sao 

3^ 

60  00 

aS3 

«4  30 

593 

3630 

466 

4S30 

364, 

60  j/> 

^49 

S5  00 

58S 

3700 
37  3*> 

4St 

49«» 

359 

6t  00  1 

344 

as  ^ 

584 

476 

49  30 

354 

61  30 

340 

a6  00 

580 

3«» 

471 

SO  00 

1 
349 

6s  00 

«36 

t6  30 

53* 

3»30 

466 

SO  SO 

344 

63  30 

ayi 

37  00 

57a 

3900 

^l 

St  00 

339 

63  i» 

«T 

«7  30 

S68 

39  y> 

456 

51  30 

II 
334 

63  30 

sas 

sSoo 

564 

40  00 

451 

52  00 

3^ 

6400 

319 

SB  30 

559 

4030 

446 

52  30 

3*4 

^30 

315 

39  00 

SIS 

41  00 

441 

53  00 

319 

6500 

%M% 

39  y> 

55t 

41  50 

436 

53  30 

3t4 

65  30 

**7 

JO  00 

^^ 

43  00  1 

431 

54  00 

309 

66  QO 

SO3 

3©  30 

S4> 

4339 

4^1 

54  30 

3^ 

€630 

M 

31  QO 

537 

4300 

4«; 

55  00 

«» 

67  00 

t^ 

31  30 

I  40533 

43  30 

I-4<Ht5  1 

55  30 

t.40<»95 

67  30 

14019^ 
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Example. — Let  a  and  t  be  the  lengths  of  the  two  sides, 
and  C  the  included  angle ;  w  is  a  constant  to  be  derived 
from  Table  XXXVI  for  distances  in  meters.  For  the  mean 
platitude  30"*  40'  of  the  example  chosen,  m  =  1,40540.  Then 
tre  have,  solving  by  formula  (7 J), 


Tnangleft 

1.2.3 

2  3  4 

1.3.4 

1.2.4 

Angles  C  = 

lay  36'  50" 

76*  5/  40" 

41*  48'  30" 

65*  40'  20'' 

Log  (side)    a 

"      sine      r 
**     const,  m 

4.3ftS8s 
4.20055 

9-92137 
1.40540 

4-20055 

4.27642 
9.98866 
1.40540 

4-54093 
4.27642 
9.83222 
1.40540 

4.36885 
4  33733 
9  9596a 
1.40540 

Log  s.e,  — 
s.e.  = 

9.8Q6r7 
o"79 

9.87103 
0''  74 

o-054q7 
i'Vl3 

0.07160 

I".  18 

^1      Then  one-third  o^./g  is  to  be  subtracted  from  each  of  the 

I^Kiree  angles  of  the  triangle  1.2. 3 »  etc, 

^      278.  Side  EquatioDS*— It  is  evident  that  the  distribution 

of  corrections  to  the  three  angles  of  a  triangle  to  make  their 

sum   i8o**i  affects  not  only  the  angles,  but  as  a  consequence 

l^bhe  sides,  diminishing  the  lengths  of  the  latter  as  the  angles 

^^re    diminished    or    increasing    the   lengths  as   the   opposite 

angles  are  increased.     Therefore  the  adjustments  to  the  sides 

of  the  triangles  must  be  made  with  the  adjustments  to  the 

angles  in  order  that  the  triangle  shall  not  be  distorted.      The 

determination  of  the  corrections  to  be  applied  to  the  sides  is 

performed  through  the  formation  of  side  equations,  which  are 

best  explained  by  reference  to   Fig,   177.     The  solution   of 

these  is  performed  at  the  same  time  with  that  of  the  angle 

^cquations  in  Articles  279  to  283. 

H       Suppose  4.1.2.3  to  represent  the  projection  of  a  pyramid 

of  which  [.2,3»  the  shaded  side,  is  the  base  and  4  the  apex. 


L 
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A  geometric  candUian  of  such  a  figure  is  that  the  sums  af  tki 
logarithmic  sines  of  angles  about  the  base  taken  in  one  direction 


Fig.  177. — Angle  and  Side  Equations. 

must  equal  similar  sums  taken  in  the  other  direction ;  that   is, 
the  product  of  the  sines  must  be  equaL     In  this  case,  therefore, 

log  sine  4, 1.2  +  log  sine  4.2.3  +  log  sine  1.34 

should  equal 

log  sine  1.2*4 4-  I0&  sine  2,3.4  +  l^g  sine  4.1.3- 

Thc  number  of  side  equations  which  can  be  formed  in  anjT 
figure  is  equal  to  the  number  of  lines  in  the  figure  plus  three^ 
minus  twice  the  number  of  stations^  or  1  +  3  —  2n,  In  a 
quadrilateral,  therefore^  6  +  3  —  8=1;  hence  such  a  figure 
contains  one  side  equation,  or  equation  of  condition.  The 
numerical  term  in  each  side  equation  is  the  difference  between 
the  sums  of  the  logarithmic  sines  taken  in  each  direction. 
The  coefficients  for  the  unknown  corrections  are  the  differences 
for  one  second  in  the  logarithmic  sines  of  the  angles. 

Further  examples  of  the  method  of  arranging  equations  of 
condition  and  applying  corrections  to  the  angles  may  be  best 
shown  by  a  continuation  of  the  example  selected  (Art.  276), 
which  is  the  simplest,  being  that  of  a  quadrilateral  (Fig.  177). 
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The  method  of  forming  correlative  and  normal  equations 
and  their  solution  is  similar  to  that  for  station  adjustment 
(Arts,  271,  272).  In  the  equations  of  condiiions  and  correla- 
tives the  angles  are  designated  by  directions  to  which  the 
corrections  are  finally  applied. 

279*  Solution  of  Angle  and  Side  Equations. — The  cor- 
rections to  the  sides  bounding  an  angle  are  empirically  denoted 
by  enclosing  them  in  brackets  and  prefixing  the  proper  signs. 
Thus  the  corrections  to  be  found  for  the  angle  3.4.1  may  be 
denoted  by  its  side  corrections*  —  (f)  +  (J). 

In  the  triangle  1.2.3  write  each  observed  angle  and  indi- 
cate a  correction^  to  be  founds  as  above: 

1.2.3  -  [1.2]  +  [3.2]  +  2.3. 1  -  [2.3]  +  [1.3]  +  3, 1.2 

-t3-^]H-[2.i]  =  i8o  +  s.e.; 

or,  instead  of  the  angle  numbers,  1.2.3,  etc*, write  their  com- 
bined value: 

179°  59'  52".9  -  [1.2]  +  [3.2]  -  [2.3]  +  [1.3]  -  [3.1] 

4- [2.1]=  iSo'  +  s.  e.  =  i8o''oo'oo".79. 

This  equation  reduced  gives 

-[i.2]+[3.2]-[2.3]+[i.3]-[3-  ']+[2.  0-7.89  =  o.     {a) 

In  this  manner  equations  are  formed  for  the  other  triangtest 

1.2.4  being  assumed  to  be  the  dependent  triangle,  and  wc 
have: 

— [2.3]+[4.3]-[3*4]+[2.4]-[4.2]+[3.2]+o.20  =  o;  .     {b) 

—[i-3]+[4-3l-[3-4l+[i-4]-[4*i]+[3*  11+4^40=0.    ,     (^ 

Arrange  the  logarithmic  sines  as  shown  in  the  following 
tabular  example  by  writing  opposite  each  sine  its  logarithmic 
difference  for  one  second  as  given  in  a  table  of  seven-place 
logarithms.     The  logarithmic  differences  for  angles  greater 
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^H           than  90''  will  have  a  minus  sign,  for  those  less  the  sign  wiU 
^H           be  plus.      For  a  small  correction  to  any  of  these  angles  the 
^H           change  in  the  logarithmic  sine  will  be  equal  to  the  correction 
^H           in  seconds  multiplied  by  the  tabular  difference  for  i".     As 
^H           the  correction  for  the  angle  3.4.1  is  denoted  by  —  (f)  -|-  (J), 
^H          ^pplyjng  the  tabular  difference  for  i*',  we  have  the  change  in 
■            the  log,  sine  -  5.9  (-  (f)  +  (i)). 

^^^H                   Ex AMFLE.— Summation  of  Slde  and  Anglr  Equations, 

Aiitf1e«. 

Lof .  SIna. 

Dlffereoce, 

Correc.  lo 
Angles. 

Correc,  to 

Sinn. 

Comxuii 
Sine*. 

3.  4»  I 
3.  1*2 
4»  2.  3 

9.9836918.6 
9.5809762,8 
9.9273484-8 

-    5-9 
+  51-1 
+  132 

-  0.66 
+  2.99 
+  0.48 

+       3.9 
+  152.8 
+       6,3 

9.9836922.S 
9.5809915  6 
9-9273491-1 

Sym... 

+ 

9.4930166,3 

+  163.0 

I 
9.4920329.1 

4.  T,  3 
i*  2.  3 
3.4.  a 

9  7191913-9 

9.92J3757-3 
9.8514769.5 

+  34-2 
—  13-9 

+  20.8 

-t,63 
+  2.41 
-  1.06 

-  55-7 

-  33-5 

-  22.0 

9.719185S.I 
9.9213723-8 
9.8514747-5 

Sum. .. 

9.4920440.7 
9.4920166.2 

—  III. a 
274.2 

9.49203»9.s 

Errors  *  274,5 

^ 

As  shown  in   the  beginning  of  this  Article*  the  equation 
which  must  be  satisfied  in  an  adjusted  quadrilateral  to  fix  the 
relative  length  of  the  sides  is 

log  sin  3.4. 1  +  log  sin  3,1.2  4-  log  sin  4.2,3                           ^H 
—  log  sin  4.1.3  —  log  sin  1.2.3  —  log  sin  3.4.2  =  0. 

Substituting    in    this,     with    changed    signs,    corrections 
found  as  above,  we  have»  after  reducing,  the   following  side 
equation  : 

m 
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,913.4]-  5-9[i-4]  -  5i.i[3-0  + 5i*i[^*0  -  '3^2[4.2] 
^  i3.2[3.2]  +  34.2[4.i]- 34.2[3.i]-  i3.9[*-^]+U.9[3.2] 
20.8[3.4]  -  20.8[2.4]  -  274.5  =  o- 

This  being  a  true  algebraic  equation,  it  may  be  divided 

by  any  number  without  altering  its  value.    Dividing  it  through 

by  some  convenient  multiple  of   lo,  as  80,  to  give  smaller 

pefficicnts,   and  combining  algebraically  the   coefficients  of 

•4j»  [3'2],  [3*i]i  each  of  which  appears  twice,  gives 

•334[3'4]  -  .o74[i.4]  -  t.o66[3. 1] +.639[2.i]- i.65[4.2] 

+-339[3.2]+-427[4.f]-.i74[l-2]-,26o[2.4j-3,427  =  o.(rf) 

Thus  for  example,  for  the  coefficients  of  [3.4],  we  had 

5  9  [3.4] +  20.8  [3.4]  =+26.7  [3.4]  ^80  =  .334[3^4]r 

and  so  for  the  others. 

280-  Correlates  and  Normal  Equations.— We  now  have 

the  equations  necessary  for  the  complete  adjustment  of  the 
quadrilateral,  and  from  them  values  must  be  found  by  means 
of  correlates,  each  equation  of  condition  having  a  correlate, 
and  each  correction  coefficient  giving  a  correlate  coefficient. 
The  algebraic  sum  of  the  coefficients  of  each  correlate  will  be 
zero. 

The  following  tables  of  correlates  can  now  be  formed  from 
The  above,  as  was  done  in  the  station  adjustment  (Art.  271). 
The  solution  of  this  can  only  be  made  after  the  normal  equa- 
tion has  been  formed  and  solved  by  elimination  (Art,  281). 

The  first  of  the  tables  is  formed  from  the  adopted  egua- 
twns  of  condition  ia),  {b),  [c],  and  {d)  (pages  625  and  627)  by 
arranging  corresponding  columns  a,  b,  etc*  In  these  and  on 
line  with  the  various  side  numbers  2,1,  3,1,  etc.,  are  placed 
the  coefficients  of  the  latter  with  their  signs  from  the  equa- 
tions {a)t  (b),  etc.  Thus  on  line  1  the  side  2.1  occurs  -j-  i 
time  in  equation  (a)  and  again  -f-  .639  times  in  equation  (</), 
and  so  for  the  other  sides. 
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EXAMPLE. 


TABLE  OF   CORRELATES 
FORMED. 


TABLE  OF  CORRELATES 
SOLVED. 


Side 


+  1 
—  t 


-  t 


—  I 


S, 


—  ■ 

4-* 


—  » 


4-1 

—  ■ 


t; 


+    ^W 


The  first  of  the  tables  of  correlates  as  fonned  above  ma^jr 
now  be  arranged  as  a  norma/  equation  by  application  of 
formula  (68)  as  for  station  adjustment  (Art.  271),  resulting  as 
follows: 


EXAMPLE.— TABLE    OF   NORMAL    EQUATIONS   FORMED    FROM 
ABOVE  TABLES  OF  CORRELATES. 

m.  4-  6.000 
*,  4"  2.000 
€.     —  2.000 


4-  2  000        —  2.000       4-  2.21S  —  7-^  =  O  (vOOl) 

4-6.000        4-2.000        -- 0.090  '^'O.soo  (.000) 

4-3.000       +  6.000        —1,901  4-4,400  <.ooo| 

4-  2>o84  -3  4^7  (*00d) 


d.    -H  2.218        —  0.090        —  1. 901 

The  symmetry  of  the  normal  equations  as  shown  by  the 
underscoring  gives  a  partial  check  on  their  accuracy*. 

aSi*  Algebraic  Solution  of  Normal  Equations.  —  Tlie 
normal  equation  being  now  arranged,  it  may  be  skived  by 
elimination  in  tabular  manner  as  given  on  page  650. 

The  logarithm  of  each  number  in  line  i  is  placed  in 
line  2.  The  logarithm  {—  0.77815)  of  the  left-hand  number 
is  then  subtracted  from  each  of  the  other  logarithms.  The 
remainders,  the  logarithms  of  quotients,  arc  written  in  line  3, 
The  number  corresponding  to  the  logarithm  0.11893^  in  the 


w 
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right-hand  column^  is  placed  in  a  parenthesis  in  line  5  with  a 

esign  opposite  to  that  of  the  number  above  it  in  line  !• 
I  The  logarithms  in  line  3,  columns  {b\  (c),  and  (</),  are  to 
be  used  as  the  logarithms  of  multipliers.  The  sign  of  each 
multiplier  is  the  opposite  to  that  of  the  number  above  it,  and 
|a  written  In  line  4.  The  logarithms  of  multipliers  are  next 
placed  on  a  slip  of  paper,  and  the  logarithms  of  products 
found  by  adding  the  logarithms  of  the  multipliers  to  the 
logarithms  of  numbers  in  line  i.  For  example^  using 
(i)  multiplier,  line  3,  column  (*),  we  have 


Log.  of  multiplier  =  9,52288  sign  —  (Numbers); 

Log.  of  product  {b){b)  —  9.82391  sign  —  (—  0,667) 

Log.  of  product  {b)(c)  =  9.82391  sign  -f  {-\-  0.667) 

Log.  of  product  {b){d)  =  9.86884  sign  —  (—  0.739) 

((^}  by  absolute  termj  =  0.41996  sign  -j-  (+  2,630) 


Write  the  numbers  corresponding  to  these  products  in 
line  7,  equation  (^).  Products  belong  to  the  equations  having 
the  same  letter  as  the  multiplier  and  in  the  same  columns 
with  the  multiplicands. 

The  algebraic  sums  of  the  numbers  in  lines  6  and  7  are 
written  in  line  8,  In  this  manner  form  the  products  with  the 
multipliers  in  (r)  and  {d)  columns  and  add  them  to  c  and  d 
equations  respectively. 

The  above  process  is  to  be  repeated  for  the  numbers  in 
line  8,  The  products,  line  16,  are  added  to  the  numbers  in 
line  15.  Proceed  as  before  with  the  numbers  in  line  17. 
This  line  has  but  one  multiplier.  The  logarithm  of  4-  0.995 
(line  28)  is  subtracted  from  logarithm  of  —  0.004;  the  number 
corresponding  to  quotient  is  -|-  0.004  (line  32),  which  is  the 
value  of  d  correlate. 

The  logarithm  of  this  number  (7.60206  sign  4-)  is  added 
to  each  of  the  logarithms  of  multipliers  in  column  {d).  Thus, 
commencing  at  the  bottom:  -^-* 
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y^ 


m 


(ri 


MJ 


+  ^*O00 


+  1,000 


+  a.«S 


*'n*"i 


(+o*tM 
-o.*&7 


-F  i.ooo 
+  0.667 


+  5  133 


+  ».667 

(+  o.a|4) 

+  6.000 
—  o-fit? 


+  5.333 
-  *-333 


+  4.000 


Corrclalcft* 
a  =  +  1.446 
^  =  -*    .486 

r  =  —    .oas 

1^  =  +     ,004 


—  0.809 

+ 
(+  o.aot> 

—  r.goi 
+  0.739 


—  I. 167 

+  0.415 


*  0*747 

+ 

(+  o.ooi) 

+  2^084 

—  o. S30 


+  1,264 

—  0,129 


+  1-135 
—  o. 140 


-7-i9» 


+ 
(+1  3tS> 

+  o,«» 
+  2,6yi 


+  s.ijo 

(-  o-Sli) 

■»-4  400 
—  S.63& 


+  r.770 
-  I-41S 


4-0.355 

(—  0.089) 

-  3-427 
+  2.917 


—  0,510 
+  0.440 


-*  0.070 
+  0.066 


+  0-99S 


—  0,004 

7.60006 
7.60414 

(+  0,004) 
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=  7,60206  sign -|- 


Log.  of  correlate  d 

added  to  log.  in  line  19, 

column  (i/),  gives  the  log, 

of    product    d  multiplier 

by  {d)  log. 
LtnetOy^multiplier  by(a)log,=  6.79361  sign-}-  No.  =  -|-.QOl 


=  6,87332  stgn+  No.  =  +.001 


Line  3,  d  multiplier  by  d  log.  =  7,16987  sign  — ,  Num- 
ber =  "  .002.  Each  number  is  written  in  parenthesis  under 
the  log.  of  its  multiplicand. 

Any  line  of  multipliers  corresponds  to  an  equation.  Take» 
for  example,  line  19:  the  numbers  corresponding  to  each  log. 
taken  with  the  letter  of  the  column  give 


^  ir  +  o.  187^  —  0.089  =  '^• 


I      The  product  of  4*  0,187  (log.  9.27126)  by  the  value  of  d 
-f-  ^004)  =  +  ,001  (nearest  unit  in  third  place  of  decimals); 


fience 


—  c  +  .00 1  —  .089  =  o ;  and 
r=  -  .088. 


^^  Take  the  log,  of  c  and  proceed  as  with  log.  of  d,  obtaining 
the  numbers  +  0.044,  line  12,  and  —  0.029,  '^"^  5i  for  products 
of  c  correlate  by  c  column  multipliers. 

Add  algebraically  the  numbers  on  line  12  and  we  get  the 
^^ value  of  ^  =:  —  0.486.  Find  its  product  with  b  multiplier  line 
H^,  and  write  it  on  line  5.  Add  the  numbers  on  line  5  for  the 
^  value  of  a. 

The  values  of  //,  c,  b,  a  can  also  be  found  from  lines  28, 

L      17.  8,  K 

M       For  example,  +  4.001:  —0.747^+  0.355  =0  (Hne  17): 

^substituting  the  value  of  d  (+  ^004)  and  combining  gives 

+  4.00* -  +  0.352  =  o;   and 

t-  ^  —  0.088,  as  before. 
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The  same  operation  as  is  illustrated  on  page  630  can  b« 
more  simply  and  quickly  performed  by  the  method  of  solution, 
by  rtciprocais  and  Crclle  i  tables^  instead  of  by  use  of  loga- 
rithms, where  the  former  arc  available;  see  Appendix  8, 
pages  26  to  28,  U.  S.  Coast  and  Geodetic  Survey  Report  for 
1878. 

282.  Substitution  in  Normal  Equations. — ^The  values 
found  for  the  correlates  a^  d,  etc.,  must  now  be  substituted  in 
the  normal  equations  (Art.  280)  to  test  the  accuracy  of  the 
solution. 

For  equation  ^(p*  629),  commencing  at  the  left: 

+  2.218  X  (+  1.446=  a)  =^  +  3.207 

—  0.090  X  {—  0.486  =  *)  =  +  0.04s 

—  1*901  X  (—    .088  =  c)  7=  +0.167 
+  2.084  X  (+    .004  =  rf)  =  +  0,008 

absolute  term  =  —  3.427 


Sum  =       0.000 

This  proves  the  equation  correctly  solved.  In  the  same 
way  substitute  in  a^  A,  and  r  equations.  In  equation  a^  as 
solved  above,  there  is  an  error  amounting  to  -OOi,  but  as  only 
corrections  to  the  nearest  hundredth  are  desired,  this  small 
residual  may  be  neglected. 

283.  Substitution  in  Table  of  Correlates* — ^The  values 
of  the  correlatives  are  next  placed  at  the  head  of  columns  A, 
B,  C,  2^nd  D  (p.  628,  Table  of  Correlates  Solved),  and  prod- 
ucts by  corresponding  coefficient  in  column  a^  by  r,  or  d^  of 
the  adjoining  table  are  found  and  written  on  the  proper  lines 
in  A,  B,  C,  and  D  columns. 

The  sums  of  the  products  on  each  horizontal  line  are 
placed  in  the  column  of  totals.  As  a  check  on  this  part 
of  the  work  see  that  the  sum  of  the  numbers  in  each  col- 
umn =  o* 

On  each  line  in  the  column  of  totals  is  the  correction  for 


fl 


WEIGHTED   OBSERVATIONS. 


633 


the  side  adjacent  to  an  angle,  the  numbers  for  which  are  given 
in  the  column  of  sides. 

For  the  angle  1.2,3.  =  (—12+  3.2)  the  correction  is  as 
'  follows : 

For  the  side  1.2  (line  4)  the  correction  is  —  1.447. 

For  the  side  3.2  (line  5)  the  correction  is  -|-  .0962. 

I^Hence  for  the  sides  —  1,2  and  +  3,2  we  have 

-|-  1.447  =  —  correction  for  1.2 
-|-  0*962  =  -|-  correction  for  3.2 


-|-  2.409  =  correction  for  angle  1.2.3 


These  are  the  corrections  which  are  written  in  the  third  and 

fourth  columns  of  the  angle  equation  (Art.  276,   p.  620)  as 

side  corrections  and    angle    corrections    respectively.     From 

their  application  result  the  corrected  spherical  angles,  column 

^^five. 

^P  The  correction  for  each  log.  sine  is  the  product  of  its  angle 
r  correction  by  its  difference  for  l".  For  example,  sine  of 
I  angle  3.4.1  (Art.  279,  p.  626),  Dif.  for  1"  =.  -^  5.9,  column 
^^three,  correction  for  angle  =  —  o".66»  column  four. 


—  5'9  X  —  0.66  =  4-  3.9  —  cor.  to  sine,  column  five. 


284.  Weighted  Observations.— Where  a  number  of 
observations  differ  somewhat  from  each  other  and  the  causes 
are  beheved  to  be  known  for  such  difference,  it  occasionally 
becomes  desirable  to  give  greater  value  to  one  observation 
than  to  another;  thus  one  may  be  given  two  or  three  times 
the  value  of  another.  This  operation  is  called  weighting 
(Art.  264)*  To  find  the  weighted  mean  of  a  number  of 
observations  which  have  been  given  unequal  weights,  each  is 
multiplied  by  its  proper  weight,  and  the  sum  of  the  product 
is  divided  by  the  sum  of  the  weights,  the  quotient  being  the 
weighted  mean. 
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Example.     38^  —  54'  —  55^,0  x  Wt.  1 


5S 


54 

56 

53 
57 

X  Wt.  1  =    54 

X  Wt.  2  =  112 
X  Wt.  I  =    53 
X  Wt.  2=114 

Sum 

7)388 

55  4 

Weighted  mean  =  38*  54'  55  ",4 

Weights  are  used  ia  a  least-square  adjustment  in  the  fol- 
lowing manner:  the  adjustment  is  carried  forward  as  above 
described  till  the  table  of  correlates  is  reached;  then  opposite 
each  angle  number  in  a  station  adjustment,  or  opposite  the 
side  numbers  in  a  figure  adjustment,  place  the  weight  of  the 
angle  or  side  in  a  separate  column.  Every  product  formed 
in  the  table  of  correlates  must  be  divided  by  the  weight 
written  on  the  horizontal  line  with  the  multiplicand.  The 
weight  is  used  only  as  a  divisor. 

The  following  example  from  a  station  adjustment  will 
illustrate  the  method  of  using  weights  in  station  or  figure 
adjustment. 

Equation  a^  at  the  bottom  of  page  635,  is  formed  from 
the  left  half  of  the  table  on  the  same  page«  thus: 

—  I  X  —  I  -^  2  =  +0.50 
+  I  X  +  I  -^  !  =  +  i.oo 

—  I  X  —  I  -^  2  =  +0.50 


Sum  =  -f-  2.00  =  term  (a),  equation  n. 
Term  h,  same  equation  is  from  second  line, 

4-1  X  -  I  -H  I  =  -  I, 
Term  c  =  o.     The  absolute  term  —  j.oo  is  the  same  that 


it  would  have  been  for  an  unweighted  equation* 
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^B     Equation  r is  formed  thus:                                                                 ^H 

^^^^               Term  <7  :=  0.                                                                          ^H 
^^^^^        Term  //  =  +  i  X  —  »  -^  2  =  -  0. 50                               ^^ 
^^^^H        Term  r^—  iX  —  i-hi=+>-<=^                                ^| 
^^^H                         +t  X  +  i-^^^  +  aSo                              ■ 
^^^H                      ^  I  X  ->  I  H-  i  =  H-  300                           ■ 
^^^^^P                                                Sum  H-  4*  50      term  r*              ^H 

^^^^               Example*— Table  ok  W lighted  Coriblate$,                                  ^H 

■           tion. 

W«i«:ht, 

-  1 

-  t 

-  I 
+  1 

1 

+  1 

A 

-f  a.779 

B 

c 

TowlE.   ' 

Tot«1s                ^H 
We^Iliit,              ^1 

r      7 
^  360- 

3 

I 
2 

I 
2 

4 

ao 

-  2.779 
+  2  779 
-2  779 

-  ^-779 

-1-0.221 

+  0.605 

-  3  163 

+  0  605 
-2.558 

39               ^1 

+  0  22        ^m 
+  0.60          ^B 
+  1.81           H 

■ 

-  2.558 

-2558 

-1-0.605 
^0605 
+  0.605 

-2.558 

^B 

Example.— £^ 

a,  +  2.000 

b,  —  1. 000 
^,        , , . 

2UATIONS    FORMED   FROM    AbOVE    CORRELATES,                                   ^H 

—  i.ooo             ^5.00  =  0                            ^H 

4-1,750        —0.500        —  2,00  s  0                  ^H 
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285.  Geodetic  Caordinates^^The  posttian  of  a  point  on 
the  surface  of  the  earth  is  determined  by  its  altitude  and  geo- 
detic latitude  and  longitude.  These  may  be  called  its  geo- 
graphic coordinates.  In  order  to  extend  and  conopute  a  system 
of  triangulation  from  such  a  point,  it  is  necessary  to  determine 
also  its  polar  coordittates,  which  are  the  distances  and  directions 
or  azimuths  between  it  and  various  other  points.  A  complete 
statement  of  what  are  designated  the  geodetic  coordinates  of  a 
point  includes,  therefore,  its  geographic  and  polar  coordinates* 

As  understood  in  geodetic  computation  the  asimutA  of  a 
line  (Art.  288)  is  the  angle  which  defines  its  direction  with 
relation  to  the  true  meridian.  This  angle  is  always  measured 
from  the  south  towards  the  west,  north  and  east,  in  the  dircc* 
tion  of  the  hands  of  a  watch.  The  sero  of  azimuth  is  the  south, 
and  a  true  westerly  direction  is  90"*.  a  northerly  direction  180* 
and  an  easterly  direction  270"^.  Astronotnic  asimutlts  {(Z\x^\ 
XXXIII)  and  latitudes  (Chap.  XXXIV)  are  to  be  determined 
by  observations  on  stars,  and  longitudes  by  the  same  sup* 
plemented  by  telegraphic  exchanges  of  time  (Chap.  XXXV). 
Distance  is  obtained  by  direct  measure  (Chap-  XXI)  reduced 
to  sea-level,  of  the  length  of  the  line  considered* 

The  computation  of  geodetic  coordinates  consists  of  two  dis- 
tinct operations.  The  first  is  the  computation  of  the  lengths 
of  the  sides  of  the  triangles  (Art.  286)  by  which  all  the  part^ 
of  the  triangle  are  solved.     The  second  operation  consists  in 
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Starting  out  in  any  figure,  or  in  the  simplest  figure,  a  triangle, 
turith  the  lengths  of  the  sides  and  dimensions  of  the  angles 
known,  as  well  as  with  the  latitude  and  longitude  of  one,  or, 
preferably,  for  purposes  of  check,  of  two  apices  of  the  triangle 
known.  Also,  the  azimuth  of  known  side  joining  the  two 
known  positions*  With  these  quantities  given  it  is  possible 
to  compute  the  latitudes  and  longitudes  of  the  other  apices  or 
stations  and  the  azimuths  of  the  lines  joining  them  (Art,  288), 
286.  Computation  of  Distances.^ — The  figure  adjustment 
having  been  completed  and  the  spherical  excess  in  each 
triangle  computed  (Arts.  273  and  277),  the  next  operation  is 
the  computation  of  the  distances  or  lengths  of  each  of  the 
sides  forming  the  various  triangles.  In  each  triangle  there 
is  a  known  base,  that  is,  the  length  of  one  side  is  known  and 
the  three  angles  are  known.  The  remaining  sides  are  com- 
puted on  Xh^  principle  0/ proportion  of  sides  to  sims  of  opposite 
angUs  ;  expressed  mathematically  this  is 


b  sine  A 


a  = 


sine  B 


(72) 


[In  this  computation  the  distances  are  expressed  in  logs,  of 
meters  because  the  tables  used  in  the  after-computation  are 
prepared  for  metric  computations.  The  solution  of  the  above 
formula  is  best  explained  graphically  by  the  following  example 
(see  also  Fig.  178). 


EXAMFLl. 

TrUngk. 

suaoD*. 
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Log.  sjde  McKcDKie-Zufii    .    . . 
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In  the  above,  under  the  column  of  siations,  is  placed  first 
the  station  from  which  the  distance  is  to  be  determined,  and 
then  follow  those  stations  to  which  distances  are  to  be  deter- 
mined and  between  which  the  distances  are  already  known. 
In  the  column  0/ spherical  anglts  are  written  the  final  adjusted 
angles  resulting  from  the  figure  adjustment  (Art.  276).  In 
the  column  of  spherical  excess  is  written  opposite  each  angle 
one-third  of  the  total  spherical  excess  of  the  triangle  (Art. 
277\  In  column  of  plane  angles  are  written  the  angles 
resulting  from  the  subtraction  of  spherical  excess  from  the 
adjusted  spherical  angles. 

In  the  column  of  log,  sims  are  written  logarithmic  sines  of 
the  plane  angles  as  obtained  from  a  table  of  logarithms. 
Above  this  column  is  written  opposite  **log.  of  dist/*  the 
length  of  the  known  side  Chuska-ZuAi,  and  above  it,'  for 
reference,  the  log,  sine  of  the  angle  at  the  known  station, 
McKcnzie,  On  the  line  McKenzie*  in  column  of  log;  sines,  is 
then  written  the  arithmetical  complement,  a,  c,  of  the  sine 
of  its  angle.  Opposite  the  other  two  angles,  Chuska  and 
Zufti,  are  written  the  logarithms  of  their  sines. 

T\\e  quantities  sought,  viz.,  distances  McKenzie — Zufii  and 
McKenzie^ — Chuska,  are  found  by  adding  the  a.  c.  log.  sine  of 
the  angle  at  McKenxie  and  the  log.  sine  of  the  angle  at  Chuska 
in  the  first  case,  and  in  the  second  the  a.  c.  log.  sine  of  the 
angle  at  McKenzie  and  the  log.  sine  angle  at  Zufti  to  the 
log.  dist.  Chuska — Zufii. 

287.  Formulas  for  Computing  Geodetic  Coordinates. 
The  last  operation  in  the  computation  of  a  system  of  primary 
triangulation  is  the  determination  of  the  geodetic  coordinates 
of  each  station.  Having  now  the  log.  dist.  and  accordingly 
the  actual  lengths  of  the  sides  and  the  dimensions  of  each 
plane  angle,  there  remains  only  to  determine  the  latitude  and 
longitude  of  each  station,  and  the  azimuth  of  each  direction. 
To  do  this  the  latitude  and  longitude  of  one  station  must  be 
known,  and  the  azimuth  from  it  to  one  of  the  other  stations* 
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The  formulas  (or  computing  new  latitudes,  longitudes, 
and  azimuth  from  the  known  positions  consist  in  deter- 
mining the  differences  of  latitude,  longitude,  and  azimuth, 
^0,  JX,  and  Aa^  and  adding  or  subtracting  these  to  or  from 
the  known  positions. 

—  J0=  5cos£r.5+5*sin*a.C+(J0y.Z>— A.sin'flf.iE.  (73) 

The  above  is  simple  of  application  by  use  of  the  log.  factors 
B,  C,  A  E,  etc.,  Table  XXXVII. 

^,       5  sin  or  .,  ,     . 

^^  =  ■^^70^^ (74) 

_^„=^;t?ilLK^+^)+JA'i^.       .     .     (75) 
cos  k\4^) 

and 

«'  =  «+ 180**  + Ja (76) 

The  constants  from  Table  XXXVII  have  the  following 
algebraic  values,  arid  the  notation  used  is  as  given  below: 

B= L_         _   (1  -  ^'  sin'  0)«  ....     (-7) 

/?arci"  a(i-a')arci" ^^' 

C  -        *^"  "^         _  (i  -  «r'  sin*  <t>y  tan  <t>  .  ,,„x 

2NR  arc  i"   ~     2a'{i  -  e')  arc  i"     '    '     '     '     •     U»; 

!<''  sin  0  cos  0  arc  i" 
^=  (,-.'sin»'        '•     •     •     •     (79) 

c-  _  1  +  3  tan'  (f>  _  (1  +  3  tan' 0)(i  -  /  sin*  0) 

~  67V^'         -  6^'  '     •     •     ^^°) 

Ai  I  (I  —  <"'  sin'  0)*     ,   ,      , 

"^  JVarc  P        ^       a  arc  \" — '  ("*'™^'°"«^ ?«*'*«>?)  (^O 
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in  which 

N  = ^ .  ,  ^^^  =  normal  ending  at  minor  axis; 

(I  —  /  sm  0)* 

a  =  equatorial  radius  (Art.  292) ; 

Rz=,  — (i  -.  ^*)  =  radius  of  curvature  of  the  meridian ; 
a* 

p  =  A^  cos  0  =  radius  of  curvature  of  the  parallel: 

i   =  eccentricity  (Art.  292) ;  and 

log  F  =  T^  sin  0  cos'  0  arc*  i" .    .     .     .     (82) 

A  =  sB  cos  a  or  first  term. 
Also       0  =  latitude  of  known  station,  +  if  north ; 
A.  =  longitude  of  known  station,  -j"  ^^  west; 
a  =  azimuth  to  second  station   from   first,  with 
careful  regard  of  algebraic  signs. 
0^  ^\  and  ct'  =  same  for  new  or  required  position. 

For  distances  less  than  twenty-five  miles  omit  the  quantities 
depending  on  the  constants  D  and  E^  which  give  the  logs. 
(Ill)  and  (IV)  in  example  on  page  644.  Also  omit  the  small 
log.  cor.  to  ^A.  depending  on  log.  (V) ;  the  small  correction  to 
Ja  depending  on  log.  F\  and  that  to  log.  (VI)  derived  from 

log.  sec.  (— j- 

For  distances  greater  than  one  hundred  miles  the  following 
formulas  should  be  employed ; 

,a„JK  +  ;-J»)=il^«l^co,f:     .     (83) 
„„«»'  +  :  + J»)  =  ?5i|^cot^;      .     (84) 
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^'— 0=— :— r,-  .  !;  ,T^  .   ;  H — x— cos'i(a'-a)  -.  (85) 

^      ^     psmi"  sini(ar'4-C+a)L    '       12    .        "^  /j      \  */ 

in  which  y  =  colatitude  of  old  point ; 

0*  =  mean  latitude  of  old  and  new  points, 

''-(,  _/sin'0-)«' 


r  = 


(1  -/sin'0)*' 


C  =  Aix  -^*)  •  ^^^  ^  ^^"  ^^' 

which  are  constants  (or  the  particular  case. 

In  terms  of  the  coordinates  of  rectangular  axes  referred 
to  one  of  the  points  of  the  triangulation,  the  latitude  and 
longitude  of  which  are  known, — y  being  the  ordinate  in  the 
direction  of  the  meridian,  and  x  the  ordinate  perpendicular 
to  it, — the  values  may  be  expressed : 

a'=  (i8o°+«)  ±  ^^^  j»tan0' (88) 

The  convergence  of  meridians,  or  the  amount  by  which  the 
azimuth  at  one  end  of  a  line  exceeds  the  azimuth  at  the  other, 
is  expressed  by  the  quantity 

'^^-^  sin  i(0  +  0')     or     (A'  -  \)  sin  \{<t>  +  0')-   •     •     (89) 

COS  <p 
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288.  Computation  of  Geodetic  Coordiaates  :  Example. 
— From  Fig.  17S.  platted  roughly  in  proper  relation  to  the 
points  of  the  compass,  we  are  able  to  ascertain  the  mode  of 
determining  the  azimuths  between  the  various  stations.  The 
known  side,  Chuska — Zufli,  is  drawn  heavier  than  the  others, 
and  in  the  following  computations  the  geodetic  coordinates  of 


^««CKEiait 

Fig.  178. "Computation  of  AztMUTHS. 


both  Chuska  and  Zufli  are  supposed  to  have  been  determined 
previously,  the  coordinates  of  McKenzie  being  desired. 
Drawing  north  and  south  lines  through  Chuska  and  Zufti,  it 
is  evident  that  to  obtain  the  azimuth  Chuska — McKenzic  360* 
must  be  added  to  the  azimuth  Chuska — Zufti  and  the  spherical 
angle  at  Chuska  be  subtracted  from  this,  the  result  being  the 
azimuth  Chuska — McKenzie.  Likewise,  knowing  the  azimuth 
of  the  line  Zufti — Chuska,  the  azimuth  of  the  line  Zuf^i — 
McKenzie  is  obtained  by  adding  to  the  former  the  spherical 
angle  at  Zufti. 

On  pages  644  and  645  is  an  example  of  the  method  of 
computing  geodetic  coordinates.  The  order  of  computation 
consists^ 

First,  in  determining  the  new  azimuths,  as  just  described, 
and  as  illustrated  at  the  top  of  the  pages  of  example. 


^^m 
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Second,  the  latitude  ^/thc  new  point  is  obtained  as  shown 
in  the  left-hand  column  of  either  page.  The  latitude  of  the 
known  point,  as  Chuska,  is  written  opposite  0,  then  a  differ- 
ence of  latitude.  -^0,  is  obtained  through  the  process  of  the 
entire  computation  shown  in  the  left-hand  columns.  This 
amount,  which  is  found  at  the  bottom  of  the  left  side  of  the 
page,  is  then  written  under  the  latitude  of  Chuska  with  its 
proper  algebraic  sign,  and  subtracting  it,  in  this  case,  the 
latitude  of  the  unknown  point,  McKenzie,  is  found. 

Third,  the  longitude  of\\\^  new  point  is  obtained  as  shown 
in  the  columns  on  the  right-hand  side  of  the  pages.  These 
are  arranged  in  manner  similar  to  the  latitude  computation  by 
writing  the  longitude  of  the  known  point,  A^  and  then  deter- 
mining a  difference  of  longitude,  ^A,  which  in  the  example  is 
minus  and  is  therefore  subtracted  from  the  longitude  of 
Chuska  to  obtain  the  longitude  of  the  unknown  point, 
McKenzie.  The  signs  in  both  of  the  above  cases  can  be  veri- 
fied  by  a  diagram  showing  the  relative  positions  of  the  points. 
Such  a  diagram   (Fig.  178)  shows  clearly  that   McKenzie  is 

I      south  of  Chuska  and  its  latitude  less,  and  that  it  is  also  east 

^^f  Chuska  and  its  longitude  therefore  less. 

^V  Fourth,  the  azimuth  compHtation  is  performed  as  shown 
in  the  lower  part  of  the  right-hand  columns.     This  consists  in 

I  dtiermining  the  back  or  the  reverse  azimuth  from  McKenzie 
to  Chuska  or  Zuili.  This  is  done  by  determining  the  differ- 
ence of  azimuths,  Aa,  which  is  written  at  the  top  of  the  right- 
hand  column  with  its  proper  sign.     The  latter  can  be  verified 

I     again  by  reference  to  the  diagrammatic  figure. 

^—^      Finally,  at  the  extreme  bottom  of  the  right-hand  column 

^^6  a  test  of  the  azimuth  computation.  This  check  is  had  by 
subtracting  the  back  azimuths  one  from  the  other  and  noting 
if  the  result  is  equal  to  the  spherical  angle  at  McKenzie. 

Latitude,  longitude,  and  azimuth,  or  0,  A^  and  **,  of  the 
known  points,  must  have  been  previously  determined  by 
astronomic  observations  (Chaps.  XXXIII  to  XXXV)  or  from 


1 
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cofiipuUtion :  the  log.  x,  or  length  of  the  kncywri  sidc« 
been  obtained  from  previous  computatJon  (Art.  286), 
quantities  iS,  C,  D,  and  E  are  obtained  from  Table  XXXV'il 
b^*  using^lhe  known  latitude,  ^»  as  an  argument.  The  quan- 
tity A  comes  from  the  same  table  by  using  the  ncir  latitude, 
^,  as  an  argument. 

The  small  correction   dif,  log.  j  is  obtained  from  Table^ 
XXXVIII  by  usii^  log-  j  as  an  argument.     The  cor.  ^^  is 
obtained  from  the  same  table  by  using  the  argument  log,  (f*), 
which  is  log.  -i^A.      In  applying  these  corrections  signs  mi 
be  carefully  watched.      The  resulting  log.  cor.  is  applied,  with^ 
attention  to  signs,  as  a  correction  to  log.  (F). 

The  log.  /",  which  is  added  to  cor.  JX",  is  obtained  from 
Table  XL,  using  latitude  ^  as  an  argument.  This  correction 
is  very  small  and  is  only  made  in  cases  of  very  long  distances, 
as  in  the  illustration  used. 

The  sec.  of  0'  =  a.  c.  log.  cos  ^'  = 


cosin  ^* 


The  sec.  —  is  obtained  from  Table  XXXIX, 
z 

289.  Knowing  Latitudes  and  Longitudes  of  Two 
Points,  to  Compute  Azimuths  and  Distances. — This  is  the 
inverse  problem  of  that  considered  in  the  preceding  article. 
It  not  infrequently  occurs  when  the  latitudes  and  longitudes 
of  two  positions  are  known  that  it  is  desired  to  find  the  dis- 
tance between  them  and  their  mutual  azimuths.  This  problem 
may  prove  useful  in  exploratory  surveying  when  the  latitudes 
of  two  intervisible  mountain  peaks  which  differ  but  little  in 
longitude  can  be  determined  by  sextant  or  transit »  and  longi- 
tudes by  flashing  signals  or  by  chronometer*  Then  by  this 
problem  a  base  for  triangulation  may  be  obtained  which  will 
enable  the  explorer  to  rapidly  extend  the  area  of  his  survey. 
Providing   the   initial   points  are  at  a   considerable  distance 
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apartp  the  station  error  wiil  be  inappreciable  for  small-scale 
mapping.  Again,  in  a  system  of  triangulation  it  may  be 
desired  to  ascertain  whether  two  stations  hidden  by  trees, 
haze,  etc,  are  intervisible.  Providing  their  latitudes  and 
longitudes  are  known  or  can  be  computed  from  other  triangula- 
tion points,  their  initial  azimuths  may  be  found  from  this 
problem,  when  it  will  be  possible  to  set  up  an  instrument  at 
one  station  and  lay  off  the  exact  azimuth  to  the  other  for 
guidance  in  clearing  timber  or  in  heliotroping. 

This  problem  can  be  readily  solved  in  tabular  manner  by 
irranging  the  form  of  solution  used  on  pp.  644  and  645. 

To  do  this  divide  ^A  =  sin  «f .  ^  sec  0'  by  the  first  term 
for  ^0,  11-=$  cos  «  .  B,  whence  we  get 

.     .     .     •     (90) 


tanflf  = 


A  sec  07/ 


If  A  were  known,  this  would  give  the  azimuth  at  once, 
iince  ^^  is  given. 

The  following  example  shows  the  method  of  performing 
the  operation.  The  northernmost  point  should  be  used  as 
the  initial  position,  then  all  signs  for  (I).  (II).  and  (III)  are 
-j-.  and  for  (IV)  — .  The  value  of  ^^  may  be  either  -f-  or  ^, 
but  this  sign  need  only  be  used  in  determining  in  which 
quadrant  the  azimuth  angle  «  falls,  i.e.,  the  sign  of  tan  a 
(12).  An  inspection  of  a  rough  plot  of  the  position  will 
also  determine  this.  The  correction  to  JA  is  found  from  a 
istance  scaled  off  from  the  plot,  and  need  not  be  very 
close.  In  (8)  the  term  (I  +  11)"  is  the  square  of  the  diffcr*ncc 
of  latitude  ^0  in  seconds.  Since  (IV)  is  always  small, 
log  (I)  in  (0)  may  be  taken  as  log  of  ^A  from  (10).  If 
I  cos  tf  is  smaller  than  sin  ^f,  find  s  from  log  x  cos  ^  in  (11). 
^^As  a  check  on  the  work  compute  the  second  position,  using 
^Blistance  and  azimuth  found  as  above.  The  order  of  solution 
^Hs  shown  by  figures  in  parentheses.  The  cosines  of  latitudes 
'      are  proportional  to  the  intercepted  parallels. 
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The  results  obtained  from  this  problem  should  be  checked 
by  computing  latitudes  and  longitudes  by  the  direct  method 
as  shown  in  the  example  on  pages  644  and  645. 

Latitude.  Longitude. 

0  =  38"  23'  27".0  104*  32*  48".a  =  X 

<P-yi    45  09  .3  104    49  05  .5  =  X' 


A<l>  =         38'  I7".7  -  <P—  <P*  ^X  =  16'  I7".3  + 

2297".7  (I)  =      .977".3+  (2) 

log  J0  =  3.3612933 

log  AX  =  2.9900279  -f- 
log  C      1.30360  correction  to  AX  83  + 


log  J*  sin*  a       8.75770 


0.06130    (7) 
(II)  =    -f  i".i52  cor.  ^A.    17 -f 


AX'  2.9900362  (4) 


As  100  — 

83-     (3) 
log  D       2.3812 
log  (I  -f  !!)•       6.7226  log  A'  =  8.5091750  (5) 

9. 1038    (8)  sec  <p'  =r  o.  1020092 


(III)  =  +  o".i3  8.6111842  (-) 

log  AX'  =  2.9900362  (-}-) 

log  £•       6.0711  log  J  sin  or  =  4.3788520  (-H)       (6) 

log  J*  sin' a         8.7577  (9)                               log  ^  cos  a  =  4.8500742  (  — ) 

log  (I)      3-3613  

8.1901  -^  =  tan  a  =  9.5287778             (12) 

(IV)  =  -    o.  '02  log  (I)  =  3.3610475 


(II)  =  +  V'.i5 


\ogB=  8.5109733 


(III)  =  -h      .13  log  J  cos  rt  =  4.8500742              (11) 

(IV)  =  —      .02  (10)  Azimuth  =  a=  18**  40'  io".8            (13) 

(or  180  -f  this  angle) 

Sum  =  +    i".26  log  8  sin  a  =  4.3788520 

A(p        2297.7  log  sin  a  =  9.5053013        (14) 

(I)  =    2296". 4  —  difference     Distance  (log)  =  log  s  =  4.8735507 
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Table  XXXVII. 

FACTORS   FOR  COMPUTATION   OF  GEODETIC   LATITUDES, 

LONGITUDES.   AND   AZLMUTHS. 

(From  Appendix  No.  9*  Report  of  U.  S.  Co^t  ind  G«^detic  Survey,  1894.) 

LATITUDE  ao*. 


1 

til. 

lv«^ 

1       loitjf 

lof  C 

\^D 

lDff£ 

diff,i"=-«« 

dilI.l"S:-0,tS^ 

dill,i"^+»^ 

diif,|''s-|-(M» 

diff.  !"  =  -!- M5 

*  s<»9  3a*» 

8. SI  I  5739 

1.16693 

»-3^ 

3  9"7 

t 

a* 

t8 

7^1 

*> 

30 

9 

8t 

06 

750 

a* 3301 

33 

3 
4 

77 
73 

••'"t 

e 

09 

04 

5* 

3t 

OS 

** 

73 

8^ 

05 

4a 

£ 

M 

^ 

865 

06 

43 

? 

fa 

51 

8^ 

08 

4i 

a 

58 

4d 

933 

09 

5" 

9 

55 

m« 

^53 

»t 

54 

ro 

8-509  355" 

B.S"  5^*7 

1.16081 

j.|5ii 

5-91S7 

II 

4? 

d£ 

1. 1701 0 

<4 

39 

i] 

41 

8.S"i  5595 

039 

'5 

6a 

ij 

4fl 

M 

s68 

17 

*5 

J4 

36 

7J 

097 

>8 

68 

:i 

1" 

6l 

ia6 

rg 

7« 

a^ 

SO 

*i 

74 

17 

as 

3 

X9 

£ 

19 

17 

17 

«4t 

=5 

8j 

X) 

8*509  isu 

1.5115505 

i.l?*70 

30 

5.9186 

«[ 
»» 

Ha 
d6 

B.5tiS4M 
I3 

IS 

89 
9« 

»3 

oj 

7» 

317 

3» 

P 

44 

8^5095495 

«l 

38s 

3» 

% 

91 

49 

414 

34 

5.9300 

9' 

38 

443 

35 

U 

S 

ea 

U 

4f* 

37 

84 

500 

38 

09 

■9 

80 

04 

5^ 

39 

ta 

30 
31 

8.509  347* 

7» 

i  5*»  5353 

...„g 

»*334t 

4» 

'"li 

3^ 

6g 

75 

61s 

44 

flt 

1) 

*5 

59 

644 

45 

>4 

M 

6c 

48 

^73 

47 

»7 

3S 

57 

J7 

70' 

48 

30          1 

3^ 

54 

t6 

73» 

49 

f^ 

g 

50 

14 

759 

Si 

46 

°^ 

t. 

s* 

39 

3fl 

43 

a.iii5i9< 

S4 

4> 

4« 

8.5093439 

1.511    S«iT 

>  17845 

*335l 

5-9»4S 

<i 

JS 

*9 

874 

S6 

48 

41 

Ji 

S8 

5P* 

S8 

St 

4J 

■7 

17 

93 « 

S9 

f^ 

44 

a4 

35 

9S9 

6a 

4S 

to 

94 

9^8 

63 

S9 

4« 

j6 

13 

1.18017 

«3 

6t 

tJ 

13 

1»9 

045 

*i 

^ 

0^ 

S.sti  Sigo 

074 

66 

m 

Q5 

79 

102 

*7 

7« 

so 

S  5»j  J^oi 

8.1115168 

t.iSi|[ 

3.33M 

3*9974 

St 

8-S09  3J?? 

5« 

160 

70 

77 

sa 

'34 

45 

188 

71 

80 

SJ 

go 

J4       1 

917 

73 

»3 

S4 

8d 

33 

^45 

74 

86 

iJ 

8j 

11 

•74 

76 

89 

7« 

00 

301 

77 

9" 

fi 

75 
7» 

a  s^s-jSb 
77 

359 

t 

^ 

39 

(i? 

AC. 

388 

ar 

3'930» 

«» 

\m^^l 

8.5113054 

T.lS|t« 

i.iait 

5.9304 
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FACTORS   USED   IN   GEODETIC   COMPUTATIONS. 
LATITUDE  31*. 


■ 

1           LcHC^ 

loiT  5       1       \tm  € 

lOff  /? 

Uw£ 

■ 

Lat^ 

|dij|,i''=^*.o6 

djff.  t"  =  -  o.i9[dtlf .  I*'  =  +  0.4T 

difl.  i"  =  +<}^ 

dilLr'^=r+o.os 

1 

31  00 

«^5^11«3 

8.|ii  5PH 

t ,18416 

,1^, 

S.9J^ 

1 

£0 

43 

,                   445 

84 

Of 

H 

3 

S6 

3» 

473 

is 

KO 

J 

S« 

ao 

S6l 

86 

»3 

B 

4 

41 

09 

S30 

8B 

>« 

r 

'i 

44 
41 

8.S"4^ 

?? 

•9 

90 

"9 

3V 

\ 

37 

fS 

6ij 

94 

*l 

1 

J3 

«4 

!*^ 

91 

aS 

9 

'm 

Sa 

«7* 

95 

3« 

^H 

ifl 

B*S«5  33«S 

i  Sit  *wi 

t .  1 8700 

t  3J9* 

3*9334 

^^L 

11 

*9 

*i 

7^ 

9? 

37 

^^P^ 

ji 

iS 

18 

P' 

99 

3^ 

^^^^^^^^1 1 

1        '3 

14       1 

«*^ 

«.J4PW 

4> 

I^^^^^^L 

k  '^ 

IQ 

t.  51 14895 

8.3 

Of 

4$ 

^^^^^hI 

^!l 

06          i 

84 

84^ 

«19 

48 

^^^^^^^ 

03 

!* 

!!^ 

^ 

3= 

^^F 

;2 

8  J09  3«W 

01 

M 

2 

34 

^^P 

^S 

5*> 

9*7 

e6 

S7 

^^ 

«9 

^t 

J8 

955 

eB 

Od 

K 

at 

l»Si»9  3*«7 
84 

I..M3 

«  3409 
to 

3.9^ 

la 

Bo 

fl4 

^ 

II 

<59 

13 

7ft 

8-1"  47^3 

U 

7« 

>4 

J» 

Bt 

09« 

>4 

W 

>S 

6i 

70 

ISJ 

t6 

7« 

«7 

t 

5a 
47 

;i? 

;i 

8t 

84 

xB 

57 

%% 

:? 

le 

87 

aft         1 

33 

*4 

sr 

90 

30 

i«J09jt49 

S*Jil  47*1 

1. 19166 

3-34ftt 

593JI 

3* 

4« 

ei 

■94 

«3 

3« 

«« 

8-51*  4695 

1»s 

■5 

99 

13 

3» 

g 

351 

«« 

S'94M 

34 

34 

379 

'7 

*S 

Jf 

30 

ss 

407 

99 

ofi 

J* 

oG 

44 

4IS         1 

y* 

II 

37 

•3 

3* 

463 

J* 

14 

H 

'9 

*i 

49 1 

3J 

*7 

J« 

13 

09 

5» 

34 

ao 

4( 

1.5ogi3iT 

S17 

«-l«-4S9i 

B6 

1- 19548 

'■^1? 

5.94JI 

4» 

»1 

75 

604 

38 

*9 

4^ 

OS 

63 

63a 

39 

JJ 

44 

I*So9  3>96 

5* 

66q 

40 

35 

4^ 

9' 

^ 

6SB 

4» 

38 

46 

SS 

«> 

716 

43 

41 

47 

S4 

t7 

744 

44 

44 

4S 

ElT 

96 

77» 

45 

4? 

4^ 

T7 

I.Sii  44^ 

800 

47 

5« 

ii^ 

8,5i>^H73 

8-5114483 

i.i^flaB 

«»J44t 

3*94S:i 

5' 

69 

7» 

856 

49 

S6 

5T 

65 

«c» 

884 

Sfl 

S9 

53 

61 

48 

«t3 

S* 

63 

94          1 

S7 

37 

94» 

53 

6j 

55 

S4 

»S 

9« 

54 

68 

56 

so 

T4 

996 

5$ 

T* 

57 

4« 

03 

t.*ooa4 

37 

75 

S9 

S 

»  5JI  439i 

T9 

X 

39 

7i 
8t 

6e 

i'5«^3«3* 

8-S»>  4I» 

t.soioS 

■.34fe 

1-9484 
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Table  XXXVII. 

FACTORS   USED   IN   GEODETIC   COMPUTATIONS. 
LATITUDE  32* 


L... 

*   i 

5*  *» 

•535  I'M 

11 

a 

J* 
•7 

J 

■3 

4 

1* 

Of 

%l 

« 

SI 

7 

OJ 

B 

*4 

■^ 

oa 

lo 

B.509J«96 

It 

9« 

la 

&S 

n 

8* 

%% 

&a 

'! 

T& 

i6 

71 

17 

67 

i« 

«S 

19 

61 

«o 

i.50»  3Pf7 

»i 

3> 

3J 

S 

•J 

a« 

4» 

^4 

38 
34 

3 

S 

»9 

»a 

JO 

S.50&  loii 

Jl 

»i 

3^ 

jr 

JS 

i?r 

34 

*I 

35 

8.509  ayw 

.6 

95 

37 

91 

-:8 

87 

39 

83 

40 

8 .  509  2980 

41 

76 

42 

72 

43 

68 

44 

64 

45 

60 

4" 

56 

47 

52 

48 

48 

49 

44 

50 

8.509  2940 

5« 

37 

52 

33 

5.3 

29 

54 

25 

55 

31 

56 

»7 

57 

«3 

58 

09 

59 

05 

Co 

8.509  2901 

lOf^ 


I09  C  lof^  logs 

(Jiff,  i"'  -  +c»*46  dtlT*  i"  =  +0  »  dif .  i^"  =  +  o^j 


8.S>MJ« 
56 

44 
11 
ti 

to 
a,siT4i|B 

7S 
6j 

40 

17 

8-5iM*94 

B? 

7^ 
59 
47 

ff4 
01 

S^jTT  40B9 

t 

M 
41 
31 

H^STI  4Q90 


8.S1 


3V9« 
85 
73 
61 
50 
38 
26 
15 

85"  3903 

8.511  3891 

79 

68 

56 

44 
33 
21 

09 
8. 511  3798 
8.511  3786 
74 
^3 
5« 
39 

27 
16 
04 
8.SM  3<^2 
So 

8.51 1  3669 


*4B 
»7« 

31" 


% 


T  -aojl7 

^43 

47  i 
499 

517 
5SS 
^> 

fiio 
6j8 

749 
777 

fas 

ill 


91^ 
I.K944 

1.  3tOt7 

054 
08? 


i|7 
1^3 


|,11t3«l 
J48 

^76 

3sa 
386 

4U 

44' 
1*9 
1.21496 
Sa4 
55 » 
579 
607 

&34 
66? 

7»7 

744 

I.»i77, 


»  J4«» 
63 
*1 
64 

% 
69 
70 
7* 

a  J473 
74 
75 
76 
78 

79 
8d 
81 

is 

84 

»  34«S 
86 

S7 
88 
90 
91 
9» 
91 
94 
9* 

*.34fl7 

9» 
a.lSPo 

03 

04 

OS 

07 


M 

16 
17 

iB 

a. 3520 
:tt 
SI 

34 

»5 

36 
»7 
a8 
59 
3« 

■  an* 


5'94«4 
1*7 

99 
5  9V» 

II 

J.95M 
17 


:j 


19 
41 

S  9S44 

47 

7» 

5  9S7% 
78 
Bt 
84 
87 

93 

96 

99 

5  9«oa 

5-9605 
08 
II 
>5 
18 


34 
27 
30 
33 

5  9636 
39 
42 
45 
48 

5« 
54 
58 
61 
64 
5,9667 
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Table  XXXVII. 
factors  used  in  geodetic  computations. 

LATITUDE  ZV" 


Lat. 

log  A 
dill.  i"^=- 0.07 

.^  *?'f  ^ 

..^   '*y  ^ 

log  D 

diff.  I ''=-1-0.02 

loe  E 
difl.i'^+ou>5 

diff.  t"  s  -  o.ao 

diff.  i"=-fo.4S 

e  / 
3300 

8.5093901 
8.5093897 

8.S.1  3669 

1.31772 

a.353a 

S.9667 

X 

57 

s? 

«3 

70 

a 

94 

45 

34 

Ji 

3 

90 

33 

854 

35 

4 

86 

83 

88a 

36 

79 

05 

8a 

10 

909 

37 

8« 

6 

78 

8.5"  3598 

937 

38 

8S 

\ 

74 

86 

964 

40 

88 

^ 

l^ 

99a 

4X 

9» 

9 

66 

63 

1.33019 

42 

95 

10 

8.509  a86. 

8.5"  355« 

1.33047 

9.3543 

5.9698 

II 

58 

32 

074 

44 

5.9701 

la 

54 

38 

lOI 

45 

04 

>3 

S« 

x6 

139 

46 

07 

M 

47 

04 

156 

47 

10 

\l 

43 
39 

8.5"  349» 

184 

311 

49 
SO 

\l 

»7 

35 

69 

338 

5« 

«9 

18 

3« 

57 

366 

5« 

as 

«9 

a7 

45 

293 

53 

a6 

ao 

8.509*833 

8.5"  3433 

1.33331 

a  3554 

5-97»9 

ai 

«9 

at 

348 

55 

32 

aa 

»5 

xo 

375 

56 

35 

23 

II 

«.5..33g 

403 

57 

38 

24 

07 

430 

58 

4X 

'5 

03 

74 

457 

60 

44 

a6 

8.509  3799 

6a 

4<5 

61 

47 

37 

95 

5« 

51a 

6a 

50 

a8 

9« 

39 

539 

63 

53 

29 

88 

27 

567 

64 

57 

30 

8.509  2784 

8. 511  3315 

> •22594 

2.3565 

5.9760 

31 

80 

03 

621 

66 

63 

32 

76 

8.5"  3291 

648 

67 

66 

33 

7* 

80 

676 

68 

69 

34 

68 

68 

703 

69 

72 

^§ 

64 

56 

730 

70 

75 

36 

60 

44 

757 

71 

78 

H 

56 

32 

785 

73 

81 

38 

52 

ao 

8t2 

74 

85 

39 

48 

09 

839 

75 

88 

40 

8.509  2744 

8. 511  3197 

1.22866 

2.3576 

5.9791 

4X 

40 

85 

893 

77 

94 

42 

36 

P 

921 

78 

97 

43 

32 

61 

948 

79 

5.9800 

44 

28 

49 

975 

80 

03 

45 

24 

37 

1.23002 

81 

06 

46 

20 

25 

029 

8a 

10 

47 

16 

13 

057 

83 

13 

48 

12 

02 

084 

84 

16 

49 

08 

8.511  3090 

III 

85 

»9 

50 

8.509  2704 

8.511  3078 

1.23138 

a.3586 

5.982a 

51 

01 

66 

165 

87 

25 

52 

8.5092697 

54 

19a 

88 

a8 

53 

2^ 

42 

220 

89 

3» 

54 

89 

30 

247 

9« 

35 

55 

8s 

18 

274 

92 

38 

56 

81 

06 

301 

93 

41 

57 

77 

8.5"  ■995 

328 

94 

44 

58 

P 

83 

355 

95 

47 

59 

69 

71 

382 

96 

50 

60 

8.509  2665 

8.511  a959 

1-23409 

2  3597 

S.9853 
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Table  XXXVIL 
factors  used  in  geodetic  computations. 

LATITUDE  34* 


' 

diff.  I^s/1  iW^ 

mu.^m-t,.^ 

diff*.?4-|-o,S 

ilifflJ%4^<M» 

34" 

61 

B.5U  9959 
47 

I.3J409          1 

437 

..,«J 

S9«33 

57 

V 

5f 

3S 

464 

99 

^ 

1 

53 

13 

49* 

a.36oD 

Jl 

4 

49 

■  t 

518 

01 

'1 

45 
41 

l*5H  aS|9 

S4S 

571 

03 

69 
7* 

s 

37 

P 

599 

'H 

73 

35 

H 

t^ 

«5 

n 

** 

3» 

s« 

6|J 

S 

lO 

t^m^% 

S.stt  JS40 

i,t36to 

»3<^ 

S.9U5 

It 

41 

98 

707 

ott 

«* 

n 

«7 

1« 

% 

09 
10 

9' 
94 

H 

og 

S,  51137** 

7tB 

11 

97 

:  ;i 

OS 

0( 

80 

i4a 

la 
IJ 

J.9901 

04 

'I 

«vSP9  =597 

5* 

^ 

■4 

07 

iS 

^ 

44 

M 

^3 

10 

19 

J» 

9^3 

16 

1                 '3 

90 

f.s&9nfs 

8.511  tjae 

1 .1J950 

*.|*t7 

S«9t« 

S< 

&t 

08 

977 

18 

'9 

9a 

77 

S-sua^ 

i,i4oa# 

19 

■3 

il 

?j 

B4 

03 1 

•a 

s^ft 

»4 

«» 

7* 

«5a 

31 

*9 

3 

4a 

085 

Hi 

■3 

3» 

il 

»T 

37 

3^ 

139 

H 

1& 

3J 

a* 

1*3 

»5 

4* 

■9 

49 

13 

1^ 

i6 

«s 

30 

8-509  tS4l 

S.St  J  ?6«i 

1.94^19 

8,36*7 

'        3*99*» 

31 

41 

8.5Mirs8« 

44fi 

»8 

5< 

3« 

37 

n 

»7J 

39 

54 

3i 

33 

H 

JOO 

3* 

57 

34 

^ 

54 

3*7 

31 

«i 

3| 

»S 

4^ 

354 

3* 

i                ^ 

3S 

*i 

aS 

3B1 

33 

67 

3J 

tf 

iG 

^ 

34 

79 

3» 

u 

*"* 

4|4 

35 

73 

3* 

09 

8  SM  i4»a 

461 

|6 

76 

40 

1.5093503 

S.jii  a4Sa 

I.a44i« 

3.3637 

S*99*o 

41 

01 

fiS 

513 

3a 

?i 

4" 

B.509  ^4^37 

sfi 

543 

39 

41 

91 

44 

569 

40 

89 

44 

a9 

3> 

591 

41 

90 

*3 

!* 

40 

6s7 

4> 

9« 

4» 

til 

t.a 

649 

41 

99 

47 

77 

3,511  ajijfi 

676 

44 

<^.«0« 

4* 

li 

a* 

7*3 

44 

05 

49 

69 

73 

7»9 

45 

d8 

30 

■.509  14^5 

%.%x\  3360 

1.2475^ 

■-t^fi 

«.0O1t 

ft 
S3 

61 

S7 

4fl 
35 

tl 

:i 

:i 

53 

53 

•3 

^5 

49 

4t 

S4 

45 

II 

50 

34 

^1 

45 

S.sirjsi^ 

i9«» 

5" 

»T 

56 

4< 

S7 

917 

5» 

3> 

5J 

37 

P        1 

944 

53 

14 

5" 

3J 

63        1 

97«» 

34 

fl 

St 

H^ 

3' 

997 

SS 

49 

€p 

l-Sjg  H3S 

8,511  >9J^ 

i.a^oAt 

■J^ 

^«*i3 
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Table  XXXVIL 

FACTORS    USED    IN    GEODETIC    COMPUTATIONS. 

LATITUDK   aS". 


Ut. 

.*    *?.^-* 

...  !?«f* 

iti^r 

\^D 

i»r^ 

diff,  %**  ^  -o,iJ7 

diff.i"=   -o.aD 

dii!.r.4'<Mi 

diff^  t"  =?  -f  Do« 

Aift,  t'^s?  4-a>of 

•    1 
33  €» 

1.309  941J 

8,311  aaiQ 

t.9$C»4 

I3SS« 

6.«43 

% 

9t 

■7 

O^D 

ii 

47 

a 

17 

IS 

077 

Sft 

J 

n 

0| 

104 

59 

il 

4 

*39 

8.511  «i9i 

n^ 

39 

1 

05 

t 

X 

60 

61 

^ 

2 

i-S09»3^ 

54 

III 

M 

«6 

a 

II 

4* 

,                  "17 

«3 

«9 

9 

3fl 

.64 

64 

7"           1 

11 

a,5<^»3i4 

8.5itaii8 

I.1»52«l 

3'7 

"11 

*.«»73 
»5 

A3 

76 
If 

..,..-g 

344 

^ 

14 

6A 

70 

397 

O9 

8^ 

:i 

!! 

57 

4*4 

70 

91 

6e 

4S 

45f 

70 

V3 

'! 

sfi 

33 

477 

71 

98 

tS 

5' 

at 

?04 

7* 

$.qi€t 

1^ 

4* 

09 

S3* 

73 

04 

«s 

9-9091344 

8  Si»  *997 

l.a55S7 

i   3*74 

£.«1«7 

«i 

40 

«S 

584 

7S 

ti 

irfl. 

3* 

7* 

610 

76 

»4 

■3 

3* 

6q 

617 

77 

■7 

■4 

4l 

48 

66* 

7« 

90 

S 

•4 

36 

6911 

79 

» 

"? 

=4 

717 

7f 

•7 

:i 

tti 

}» 

743 

Iki 

i» 

la 

en 

77** 

Si 

li 

•9 

oi 

S.Sn  18*7 

79«S 

«■ 

39 

8.5eQii|04 

8,5J»  »87S 

1.15111 

51.3M3 

fi.OT^O 

Jt 

00 

6^ 

S50 

84 

:i 

J» 

8**09  »90 

3* 

876 

H 

33 

^ 

3® 

903 

86 

4^ 

34 

»7 

9*» 

Sti 

3*           ' 

3S 

8| 

*s 

93* 

87 

se 

3* 

79 

CM 

98] 

88 

59 

37 

73 

I.S"  »?<>* 

1.36009 

89 

63 

3i 
39 

71 
ft? 

7fi 
66 

^ 

90 
9« 

6s 
69 

m 

8-509  »»i*3 

8-5' 1  >734 

t.>eo88 

3 ►3691 

ti.&>7S 

it 

W 

4> 

IIS 

93 

?J 

<» 

53 

ag 

■41 

93 

43         i 

SI 

■7 

168 

94 

8i 

44 

47 

05 

>94 

91 

83           ' 

IS 

43 

8. Si I  i6qj 

791: 

96 

88 

4* 

39 

So 

*47 

97 

91 

4T 

35 

68 

»74 

9» 

9* 

4S 

3< 

se 

J«W 

99 

«« 

49 

«7 

44 

3*7 

99 

6,4»ai 

S» 

a.^ogaaa^ 

S,jlf  1631 

j,»6isi 

a. 3700 

6.oto4 

IS 

il 

99 

38« 

01 

07 

sa 

H 

0? 

406 

«it 

It 

S3 

Id 

S^S*"*»59S 

43a 

«3 

U 

54 

afi 

459 

*H 

17 

35 

0* 

7' 

48s 

OS 

*a 

56 

8.509  ai^a 

58 

its 

05 

*4 

37 

94 

46 

53*     : 

ofi 

n 

sB 

99       ' 

34 

56s     1 

07 

j» 

59 

B6 

n 

39* 

ot 

31 

fe 

8^509  iiB« 

8^511  15™ 

1.36617 

«  ."709 

6.oaj7 
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FACTORS   USED    IN    GEODETIC   COMPUTATIONS.                    ^| 
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LATITUDE  aa*. 

^^ 

^^H 

LaL 

to;  ^              1             Ing  B 

loifC 

ioKy> 

l^iF 

^ 

dJU  t"  =  —  o.o7jdill.  1"  —  -  Q.M 

dUI.i"s  +  ft.44 

dill.  1"  =  H- 0-01 

diff,i"=+ox>5 

3<« 

B.509«*^> 

1 

8  311  1510 

1.96617 

'-3709 

«.oa37 

1 

tb 

8.S»i  '497 

644 

to 

40 

« 

74 

670 

fo 

43 

H 

3 

4 

S 

J? 

697 
7»3 

ri 

46 
SO 

^H 

05 

6t 

48 

749 

«3 

fl 

^^H 

6 

57 

3ft 

77« 

'4 

^^H 

7 

S3 

*4 

8oi 

i4 

59 

^^H 

B 

49 

la 

8«8 

*5 

6j 

^^H 

« 

45 

8.511  fj99 

B5S 

16 

66 

^^1 

1© 

«*5P9>»4» 

8.511  1387 

i.»688i 

a. 3717 

6,<«69 

^^■L  J 

ti 

IS 

!        «3 

37 

75 

908 

18 

7^ 

^■ll 

33 

63 

934 

«9 

7<i 

^^^ 

*9 

SO 

960 

t9 

79 

^^ 

H 

»S 

3a 

987 

ao 

8* 

r 

>S 

ai 

ati 

t. 37013 

91 

!5 

^^^ 

16 

t6 

»4 

VSL 

S9 

89 

^^^L 

'7 

la 

01 

»3 

9« 

^^H 

iB 

08 

8.511  taSg 

*^ 

»3 

95 

^^V 

t^ 

04 

71 

ti8 

»4 

99 

f 

10 

8*509  1100 

8.311  i««5 

1          t.37i45 

a*J7'5 

6.030a 

L 

ai 

8.5092096 

sa 

171 

»6 

**s 

^^H^ 

«« 

S 

42 

197 

a? 

08 

^^^h 

»3 

«B 

a«j 

3 

la 

^^H 

U 

84 

<5 

■30 

t5 

^^H 

*3 

80 

''^ 

«76 

"9 

18 

^^^P 

96 

73 

B.fii  1191 

3M 

30 

91 

^^^r 

s 

7> 

79 

3»9 

3' 

»5 

P 

67       1 

66 

355 

3» 

aS 

1 

•9 

63 

54 

381 

3* 

31 

^^H 

y> 

8  S093059 

8.511  114s 

■  *«740? 

».3733 

60334 

^^^H 

i» 

Si 

^9       ' 

434 

34 

38 

^^^P 

33 

s» 

17        1 

46a 

35 

4* 

^ 

33 

34 

47 
43 

8.311  lo9» 

486 
31* 

ti 

44 
48 

II 

39 
35 

80 
69 

% 

^ 

5' 
54 

1 

IT         1 

3» 

56 

Wf 

38 

57 

^^^ 

}8 

>6       , 

43 

617 

39 

61 

^^L 

39 

»a 

3> 

644 

40 

64 

^^B 

40 

1.509  »»8 

8.31 f  1019 

».»767o 

«  3741 

6.0367 

^^^^ 

41 

U 

06 

696 

41 

7* 

r 

4* 

43 

06 

8.3H0994 

7>a 
748 

4' 

43 

74 

^^1 

44 

oa 

«9 

775 

44 

^^1 

45 

8,309  »998 

57 

8ot 

45 

84 

^^^i 

46 

li 

45 

817 

:t 

87 

^^^B 

47 

3fl 

853 

90 

^^H 

4» 

85 

ao 

879 

^l 

94 

^^1 

49 

81 

08 

905 

48 

97 

H 

SO 

51 

8509  '97? 
?3 

8.311  o8|3 

1  »701» 

8.3748 

4«» 

6.0400 
oj 

^^^^^ 

L    5* 

«9 

7« 

50 

<^ 

^^^^H 

I     53 

<^5 

S8 

t. 38010 

5* 

10 

^^^^ 

F     54 

6l 

4<i 

0S6 

5" 

»3 

35 

36 

34 

q6s 

5« 

'7 

4 

5fi 

5" 

31 

088 

53 

»o 

S 

48 

«? 

114 

54 

»3 

44 

8  3>J  0797 

141 

54 

«7 

^^H 

59 

40 

84       1 

167 

55 

30 

60433 

^H 

6q 

85091936 

8  5«i07T« 

t.a«i93 

a*37S« 

n 

1 

•      J 

i 
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LATITUDE  Sr, 


lo^A 

loif^ 

i&gC 

.,    *<»f  ^ 

^    *««^ 

Lat. 

dUr^i'V^-o^ 

difl.t"=^o.« 

dUI.  1' ,1=  +0^41 

dia,*^+<Lni 

dia,t'-  =  ^^o.a6 

•    t 
t 

t.jo9i9SS 

1.3"  om 

•^ 

« 

■ft 

4f 

*4S 

S 

m 

3 

*3 

33 

nt 

U 

4         , 

If 

« 

*9T         1 

3i 

1 

11 

..,»^ 

3*4 

IS 

s 

1 

% 

03 

n 

4W 

u 

9 

8.y>9i»W 

61 

4it 

6m 

6ft 

to 
11 

S 

I.51XM 

3* 

"^ 

»*37«3 

A4 

t> 

■1 

S^ 

% 

2- 

t4          1 

u 

^ 

■1 

Si 

a 

3 

74 

S 

m 

It 
m 

^ 
s 

S 

«9 

*> 
u 

1       »f 

57 

37 

«n 

tit 

» 

i  S-9  >85J 

I.SttvSM 

l.a%is 

■-ITTe 

6<Hai 

« 

49 
41 

19 

»; 

7« 

6.05*1 

»3 

4» 

i.sit  eitr 

S2 

7» 

09 

M 

jr 

n 

n 

13 

2 

3 

n 

7* 

16 
■9 

2 

■4 

■0 

37 

9^ 

^ 

U 

»9 

i« 

>3 

949 

j« 

^ 

30 

t.901  iSi> 

1.51]  e^oD 

E. 9997s 

..3n| 

fioSSl 

3* 

«« 

8-Si'03«« 

i.B^DOt 

3« 

3» 

«4 

7S 

c»7 

n        1 

39 

I) 

«o 

*1 

esj 

79 

43 

34 

i-Sefl  IT9S 

S' 

©T^ 

Bo 

4>5 

3^ 

gi 

3^ 

104 

ftt 

49 

36 

5? 

*6 

13» 

fti 

II 

I 

«3 

ts 

;j! 

ft* 

79 

01 

»i 

59 

n 

rs 

ft. ill  ovM 

MS 

B3 

«3 

^ 

8.509  I77i 

8« jtt  OTfti 

i.j9tl4 

■•3784 

6,0566 

•i« 

66 

64 

■6a 

«4 

ti9 

#■ 

6m 

51 

■M 

U 

71 

43 

si 

39 

3»i 

76 

44 

S4 

a6 

13a 

ftr 

n 

4S 

SO 

■4 

3^ 

ix 

ft) 

4« 

4(S 

01 

39^ 

88 

86 

<7 

41 

ft*  |i  I  otSg 

410 

B9 

«9 

iS 

37 

76 

44* 

89 

9] 

49 

33 

64 

46ft 

^ 

9<» 

&0 

**SD9  ijn 

8.511  ei^t 

i»94<H 

»-379t 

6.4600 

S» 

*i 

39 

5»o 

9« 

^ 

>' 

mi 

a« 

54« 

9* 

53 

i€ 

M 

57" 

93 

to 

S4 

11 

«i 

S9T 

93 

13 

5J 

oi 

ft. 511  «fg 

6., 

94 

16 

5* 

04 

77 

049 

9S 

■» 

ST 

00 

64 

^n 

9S 

U 

sB 

i'5o9>«^ 

51 

701 

ffi 

$9 

ga 

3* 

f'7 

9* 

3* 

«a 

1.599  mj 

ft  3"»*7 

>-a97Jl 

»-3797 

6fl6^1 
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Table  XXXVII. 
factors  used  in  geodetic  computations. 

LATITUDE  aa* 


UL 

teg^ 

^    lo«^ 

loirr 

lOfP 

loK^ 

iiiCi"  =  -o.»r 

did"3  -*,« 

dilf.i"  =  +o.43 

dis  i"  =  +«.« 

diff..''?=+o^ 

1.3P9.6J7 

8*5"<  «»7 

".»«7S| 

•-179^7 

ft. 0633 

I 

8j 

t4 

P 

98 

36 

S 

j^ 

09 

I04 

98 

4a 

3 

75 

1.51^998$ 

S^ 

99 

43 

4 

71 

77 

S56 

>.18» 

4r 

1 

2 

&4 

90B 

OI 

9» 

51 

I 

5i 

39 

934 

i» 

57 

S 

54 

»7 

Ul 

i» 

s 

« 

so 

14 

03 

61 

10 
II 

8.5091646 

4* 

l:?;2SS 

°^5 

9*3i*3 
04 

(l.o6«7 

70           1 

1* 

J7 

i' 

fl5 

71           ' 

il 

33 

N 

0S9 

05 

7T 

'♦ 

■9 

s* 

114 

06 

So 

:i 

»S 

39 

4? 

07 

ft4 

» 

17 

166 

07 

87 

17 

17 

u 

199 

oi 

9« 

ii 

11 

o* 

3lS 

08 

94 

19 

<^ 

8.513  ^Tftft 

a43 

«9 

*7 

•m 

a.w-fa* 

8.51*9777 

1. 30*69 

t.jtts 

6.0701 

VI 

oo 

£4 

»95 

)0 

04 

n 

8.509  I59« 

5i 

3a< 

■1 

07 

»3 

2^ 

1^ 

347 

II 

ai 

*4 

8f 

97 

17" 

11 

M 

:i 

8j 

14 

i?a 

»1 

t7           1 

79 

01 

494 

"1 

31 

3 

75 

8.510  9$69 

450 

M 

«4 

71 

77 

47* 

15 

48 

n 

66 

64 

SOI 

n 

^' 

fo 

i.50^  156J 

S. 510  965* 

1-305^7 

3.3^16 

6,0734 

l< 

58 

3* 

553 

16 

38 

f» 

54 

a? 

579 

17 

4> 

J3 

Sfl 

U 

604 

1! 

S 

M 

46 

ai 

6j» 

S 

41 
'                     37 

«  5<o  ^5*9 

^ 

'9 

51  • 
55 

Ii 

3S 

©4 

7»7 

>Q 

S8 

a9 

S" 

733 

*a 

61 

3? 

as 

19 

759 

31 

«5 

«o 

8-509*5"! 

8.510 5stS 

t. 30785 

v>j8» 

6.07^ 

41 

16 

14 

S10 

*> 

7» 

4* 

la 

□I 

a^ 

■1 

75 

41 

oB 

«.5i='94*a 

869 

>l 

rs 

44 

04 

f« 

887 

^4 

S« 

*!      i 

oa 

*3 

9'3 

■4 

8% 

0.509  149s 

^i 

SI? 

VL 

•9 

9>           1 

i* 

•6 

990 

16 

93 

m 

Sj 

*3 

I  11016 

■7 

99 

50 

8*SW»  H79 

a.jE0  94a« 

r.jiat* 

3   j«»T 

6.<>«» 

s» 

75 

a.Sio93ia 

0*7 

t» 

06 

S" 

n 

76 

«>i 

98 

«9 

SI        1 

«£ 

63 

ti9 

»9 

:i 

54 

61 

so 

144 

fo 

M 

58 

38 

»70 

1* 

19 

S6 

51 

15 

196 

Ji 

u 

57 

49 

'3 

>9I 

51 

S« 

45 

oo 

»47 

*4 

y» 

S» 

4* 

B.sio  ^afl? 

»73 

3* 

33 

«e 

•■Se9  1417 

S.S»*>9*7S       1 

1. 51149 

»  1^13 

4.«4j6 
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FACTORS    USED    IN    GEODETIC   COMPUTATIONS. 
LATITltDE    ^9^. 


l^u 

log  ^          ^ 

^    loff  J            1 

dill.  J^^- 0^3 

lov/^ 

(oe^ 

diC  i''s^o,>i 

diS.  <"«+#^ 

dtff,i^+*^ 

».S<^t4S7 

«*5»€>9>75 

i.|ii9f9 

«.^J3 

6.«ij6 

33 

6a 

J^ 

31 

4* 

» 

a£ 

se 

350 

14 

41 

I 

14 

37 

37S 

35 

<f 

4 

M 

as 

40t 

3S 

10 

OS 

16 

ta 

4^ 

1* 

n 

6 

If 

i.5»gf«9 

4Sl 

3« 

z 

7 

or 

iy 

47B 

37 

6 

«3 

^ 

S^ 

>Z 

«4 

* 

1.5091309 

tia 

i»9 

J« 

*7 

Iff 

»-5t»9«3«93 

1^109149 

I  3" 555 

*-3M 

,  6.0M 

•  1 

*» 

3ft 

jSi 

3» 

1           H 

ii 

Sd 

■4 

606 

J9            1 

JJ 

>3 

>> 

II 

61  a 

3.3840 

1* 

7t 

M««9=9« 

6^ 

40 

** 

<5 

74 

i6 

6i3 

41 

^          tt 

■e 

fd 

13 

7^ 

4t 

9t 

ly 

*S 

6( 

714 

4* 

95 

la 

«i 

4« 

7^ 

<3 

98 

"ft 

5? 

56 

7«6 

41 

6090. 

« 

1*109  'Ml 

8.5'o^3 

t.jiSrt 

3  .lft#4      - 

19 

49 
44 

10 

8.510  B9<a 

S^ 

44 

45   \  ^*  ' 

*i 

40 

»I 

ssa 

43 

1       n 

U 

3* 

73 

9'I3           1 

46 

•9 

■5 

ja 

60 

9fft 

|fr 

s» 

ih 

>l 

47 

965 

47 

«6 

U 

19 

3S 

990 

i.3»@i6 

'i 

*9 
3> 

■9 

u 

*9 

041 

0 

3* 

1© 

t*Jfl9  »3'* 

8.jii»8S97 

I   laofiy 

»*38<9 

*  091<J 

|t 

Of 

0^ 

49 

4) 

3« 

9V 

7-* 

]iS 

s.:iS5o 

4» 

33 

^4 

8.S09  13«« 

5 

M4 

169 

51 

53 

*31 

90 

^4 

i^S 

jt 

57 

il 

86 

VI 

tag 

5« 

60 

5 

Kt 

pa 

a4fi 

f« 

ij 

7r 

S.5»o"7v6       ! 

*7» 

53 

67 

39 

7? 

«3       1 

■9f           , 

53 

70 

4° 

1,509  >»«9 

8,510  *77i 

i.iaaaj 
14i 

»-3854 

6,(1974 

41 

t 

St 

S4 

77 

49 

«Q 

4S 

3T4 

55 

il 

41 

sfi 

33 

399 

55 

U 

44 

5* 

00 

4»5 

sfi 

ia 

4S 

4a 

07 

4S» 

5* 

o» 

4fi 

43 

*5i«»8S5 

47* 

57 

9? 

47 

m 

Ss 

5UI 

ST 

c       ^ 

4i 

3S 

«9 

5^7 

17 

fi.lOOJ 

49 

3« 

37     ' 

559 

S» 

<»S 

JO 

I.S09  1117 

a  5«Wm 

>  3«S78 

a.385» 

£.i«l 

5.t 

tf 

3« 

603 

59 

t] 

51 

:i 

699 
^54 

S9 
a .  3B60 

■S 
»9 

54 

10 

» 5108593 

6Sd 

60 

■j 

S^ 

a6 

ir 

705           1 

€1 

a« 

sfi 

pi 

61 

?J"            1 

61 

•9 

SJ 

91 

55 
43 

?IJ 

U 

$9 

19 

3P 

80? 

63 

40 

60 

8.509  11B4 

a  s»o  *iT7 

i,3*a3> 

*-lifi5 

e.1043 
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Table  XXXVII. 

FACTORS   USED  IN  GEODETIC  COMPUTATIONS. 

LATITUDE  40*. 


Ltt, 

dM.J^a^o,»i 

log  C 

•    * 

1 

I.Wi«l4 

1.510  «J>7 

-1tl 

•-«4 

47 

1 

t6 

8.5»S49i 

IS4 

«4 

S» 

3 

J* 

79 

9*9 

U 

S4 

4 

ey 

*7 

435 

«S 

S7 

es 

*3 

54 

»£ 

a 

«! 

6 

$9 

4B 

9K 

«« 

J 

55 

*s 

I.JJOII 

«fi 

«T 

3» 

16 

fl3? 

«T 

7» 

« 

4« 

OJ 

O^J 

67 

74 

10 
II 

i'l09lT4j 

«'5W«39> 

7** 

M3 

-^ 

*"R 

11 

n 

54 
3* 

H 

S3 

;i: 

ft 

a 

'4 

■S 

4ft 

'•9 

69 

99 

:i 

>l 

*f 

aii 

»  Jl7*> 

95 

«T 

n 

VS> 

7« 

^      99 

:i 

IS 

«« 

7» 

6,tKH 

08 

i.5<<»i«i^ 

991 

7> 

a& 

19 

04 

n 

3*7 

7» 

09 

m 

I.S09  lt» 

8,51«>*£4 

tv3^M» 

■3»7* 

6...JJ 

31 

f,S09  log* 

5" 

3*i 

n 

tl 

1; 

3i 

U 

7J 

» 

■3 

>« 

73 

"1 

t4 

»J 

*3 

*4< 

M 

■7 

m% 

79 

00 

469 

74 

30 

>6 

74 

«.SioSiflt 

49S 

74 

14 

»J 

70 

7S 

5» 

7S 

37 

3i 

fi« 

tf« 

54ft 

^5 

41 

■9 

fo 

50 

S7I 

7* 

44 

jp 

■*S«  >oS7 

a^5*ft^>37 

1  3359^ 

3.3l7« 

6.tt4B 

11 

S3 

M 

6n 

77 

5t 

i» 

49 

\t 

«47 

77 

I 

11 
34 

45 
41 

8.s«c»feg 

n 

s 

^ 

3* 

73 

m 

7« 

H 

3* 

«! 

749 

79 

69 

3» 

9« 

4B 

774 

7* 

7= 

34 

19 

35 

loo 

its 

.3^ 

76 

f9 

40 

B. 5091015 

1.510  Sqto 

i.33«50 

:.  38*0 

9» 

41 
4> 

07 

H.5-J^ 

876 
901 

Bt 
Bi 

41 

01 

7« 

^6 

Bi 

93 

44 

l.$o9<»9S« 

S9 

9S* 

Bi 

97 

:i 

94 

4* 

977 

Bi 

6.1K» 

9* 

23 

K34*»2 

!^ 

04 

47 

BS 

it 

«i8 

S3 

0, 

4I 

Si 

csS 

05J 

•3 

11 

49 

77 

a,si0  78qs 

*>T9 

■4 

n 

Se 

ft.509<W3 

S.Sio7aB3 

i-34»«4 

'5ij4 

«.Ull 

5' 
94 

e« 

7« 

139 

«4 

«a 

A4 

57 

155 

H 

■5 

ba> 

44 

lici 

U 

•9 

56 

3» 

and 

l» 

1£ 

S9 

5* 

10 

n' 

U 

3« 

47 
43 

06 
8  ii"775J 

•j: 

M 

» 

8t 

*07 

V 

34 

fli 

33" 

if 

S9 

«b 

f.j^e^j^ 

«<410  7753 

t-MM* 

9.}atE 

*-««l3 
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Table  XXXVIL 

FACTORS   USED   IK  GEODETIC  COMPt/TATIONS, 
LATITUDB  4\: 


tA, 

.t-Sl+^i-t?!.^..! 

U>.U 

•    * 

1 
* 

» 

i*Ii«  IMS        1 

■"3     -1 



S 

1 

il 

■7 

*j*               !i 

H 

4 

»I 

*i 

*S9                      % 

6f 

1 

^ 

I.Sia  7«9" 

4l«          1 

l» 

J» 

<•* 

2 

31* 

!■ 

n 

{ 

SI 

s 

t 

• 

9* 

#* 

s» 

ft 

H 

le 

|.»>$dl«i 

•fo?*^ 

t.lifici 

»*Nf 

.    «  !■% 

It 

•1 

15 

i        ^ 

f« 

9* 

■fl 

f9 

o* 

»• 

9A 

n 

n 

i'SW  fSflo 

«f 

93 

99 

M 

71 

n 

f«* 

n 

«  W 

s 

g 

s 

91 

9i 

i4 

•I 

5» 

s 

2" 

94 

14 

li 

S+ 

■.« 

94 

17 

** 

49 

"3 

•3» 

9S 

91 

» 

lfP»a«4S 

t.fio  75W 

■  .34^4 

>  As 

*"3 

*i 

#t 

•  ■S»74li 

■90 

9$ 

» 

37 

s 

*ts 

# 

3" 

■1 

^ 

«• 

96 

% 

*4 

li 

49 

9*$ 

9fi 

3 

n 

J« 

w 

97 

4M 

so 

«• 

1.3JID1Q 

97 

4« 

S 

IS 
II 

II 
i.Si«73«« 

441 
066   - 

97 
98 

49 
*3 

*9 

©7 

if 

pgi 

98 

5fi 

J" 

»'S«*9«*iJ 

8-5»0  7i73 

»J5»Jr 

^.jE9l 

^,ij6» 

Ji 

8  so9<?79B 

6a 

143 

99 

63 

J" 

94 

47 

ifia 

99 

67 

J] 

90 

34 

;?i 

99 

7* 

14 

16 

23 

a. 3900 

74 

JS 

ftf 

^ 

541 

00 

78 

1* 

7? 

8.51073^ 

iHSq 

OQ 

81 

J7 

TJ 

83 

*94 

00 

H 

3* 

69        1 

70 

1*9 

oi 

M 

^ 

64 

58 

143 

01 

9^ 

*® 

ii'iOQ  076a 

1,510  ?S45 

i'353?o 

3 ■3901 

*'*J9S 

4t 

s* 

3* 

39& 

tA 

99 

4» 

s» 

If 

4aa 

Oil 

S*<40.t 

#> 

47 

d? 

446 

CM 

Dfi 

44 

4J 

1  Sio7it* 

471 

<*3 

10 

4S 

39 

St 

4(>6 

QJ 

13 

46 

35 

6a 

5*» 

OJ                 1 

«7 

47 

^ 

5$ 

547 

63 

M 

4B 

^6 

43 

m 

04 

>4 

49 

33 

la 

597 

04 

3i 

S** 

8.So9&7t8 

8.5107117 

i.JSdaj 

3  3904 

6-1431 

5» 

U       1 

•H 

«4a 

05 

35 

l» 

09 

e,5To  7091 

673 

as 

38 

SI 

05 

79 

698 

05 

4* 

54 

CXJ 

66 

723 

OS 

46 

5S 

8 .  509  0696 

53 

749 

06 

49 

56 

9a 

40 

774 

06 

53 

57 

88 

a; 

799 

06 

58 

8? 

»5 

824 

07 

60 

59 

79 

02 

8:0 

07 

63 

60 

8.5090675 

8.5106980 

» -35875                    2-3907            1 

6.1467 
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Table  XXXVII. 

FACTORS  USED   IN  GEODETIC  COMPUTATIONS. 
LATITUDE  4ar 


lOfX 

\^%a 

loffC 

\^B 

LAt. 

di!l,i''--i.^ 

diff,i''  =  ^a» 

difl,r"=+qv4t 

dilI,i"«=+ox» 

•     1 

i 
I 

•■"1 

9*S 

o« 

6.14*7 
71 
74 

i 

6t 

51 

95> 

of 

t 

4 

5S 

|i 

«x 

flt 

1 

S4 

*3 

1.36001 

09 

«3 

49 

19 

09« 

09 

B9 

2 

45 

00 

05* 

c» 

9» 

4« 

S.SiaWi, 

077 

«f 

96 

9 

36 

74 

H» 

JO 

99 

»        1 

8,509  o6« 

8.sio«i«v 

t.ieiij 

■  39»o 

6.1501 

n 

■e 

4a 

15* 

lo 

"7 

i« 

34 

|6 

t|8 

»o 

to 

*3 

^4 

19 

IS 

•3 
10 

:;i 

tl 

II 

H 
'7 

:i 

It 

07 

a.S»<>6797 
84 

«7B 

II 

It 

■I 

:: 

« 

'^ 

J04 

la 

8*509059* 

^ 

3*9 

i» 

3» 

j» 

94 

^ 

354 

11 

35 

8.S09  6S^ 

«  S»o«733 

■0 

i*3«379 
4»4 

3   3913 

■1 

6.1SJ9 
43 

n 

it 

07 

4JO 

13 

4* 

■J 

•4 

77 

7S 

..s»«g 

% 

'3 
■1 

50 
54 

S 

6t 
*4 

% 

330 

J4 

M 

IJ 

•1 

fo 

43 

9«6 

'4 

H 

■S 

55 

3> 

1*^ 

14 

6B 

n 

3« 

18 

ia6 

»S 

3P 

1,5090347 

B.jiojfos 

..  36631 

*'»t5 

6.IS7S 

It 

ti 

8.Sio6s«* 
J5 

ss; 

IS 

1^ 

33 

34 

«ti 

707 

86 

34 

30 

5* 

yj« 

16 

90 

35 

»5 

4' 

7S7 

16 

93 

36 

»i 

-A 

^ 

i£ 

97 

=2 

I? 

"3 

M 

17 

ti.i6at 

3" 

19 

:i 

09 
S.510  6490 

ili 

"7 
"7 

^ 

40 
4" 

8.5090504 

8,510647? 

'^ 

a.J9t7 
'I 

6.t6jt 
15 

4* 

8.5«9  04^ 

%l 

9J4 

li 

19 

43 

ot 

38 

9*9 

iB 

»»    . 

44 

i? 

as 

984 

li 

^ 

*l 

•^ 

i| 

1^37009 

iS 

30 

46 

(» 

034 

"9 

33 

%    : 

7* 

7« 

Si 

31 

19 

37 
4< 

49 

m 

1 10 

"9 

44 

SO        1 

».  50904*" 

1.510*148 

<.J7'«        1 

»*39>9 

6.1648 

SI 

sr 

i6 

t6o 

» 

5* 

5" 

3 

*3 

'«5 

»o 

U 

S3 

la 

irio 

•0 

% 

54 

44 

ft,Sio^»97 

»3S 

«o 

% 

40 

84 

>6i 

ID 

m 

36 

7* 

■86 

«■ 

70 

S9 

S7 
■3 

% 

33 

i    ^ 

ft] 
■1 
■t 

71 

6d 

1.9090419 

8-51W699D 

i-375B6 

■  39" 

e.iM4 
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Table    XXXVIL 

FACTORS   USED    IN   GEODETIC   COMPUTATIOMS. 
LATITUDE  4»», 


L«t. 

hv^f 

kw# 

loffC 

«iCt'^=i-**r 

dJiLVs'&n 

di«.i^4«^ 

•    * 
41  «> 

i  »e»«4>9 

i.fte6sao 

i-17#* 

•1^ 

4.ftt, 

1 

M 

.^7 

4" 

M 

M 

9 

lO 

S,iia6iM 

txr 

^ 

9* 

J 

Dtf 

i«s 

n 

«f 

4 

<S| 

«9 

4>7 

a 

«» 

H 

i'**»ojir 

sft 

!»» 

93 

*"3 

« 

i 

41 

SJff 

^ 

i 

^ 

ji^ 

ij 

w 

** 

t? 

sBi 

»i 

^ 

t 

Ick 

"« 

iij 

n 

■' 

w 

*f»9"J7* 

i.,»&>pi 

■is 

•  IPH 

«^iT*i 

II 

IS 

S 

s 

■4 

s 

tj 

il 

13 

yij 

*4 

n 

14 

19 

40 

71» 

•* 

^ 

la 

M 

9« 

* 

•« 

m 

If 

55 

»S 

7»» 

*« 

•$ 

» 

4* 

<M 

a.4 

»» 

«r 

4J 

i.S««>54% 

!f 

*» 

f» 

"9 

1? 

?« 

W4 

*S 

Si 

ao 

9.909  «»«1 

S.fios^j 

i  J|M» 

«3P<9 

'■•1; 

»J 

»* 

^ 

91S 

»S 

» 

*4 

1« 

9¥» 

■S 

*$ 

*J 

M 

»* 

^ 

»s 

H 

■4 

l« 

IV 

M*» 

^ 

n 

3« 

u 

«7 

S,Si«S^ 

040 

ji         1 

c 

2 

dj 

n 

o&i 

^         1 

•i 

>»S09«*W 

^ 

«igrt 

ifi 

if 

»9 

1W 

4i 

ti€ 

i« 

9* 

3(0 
1* 

"^"E 

27 

166 

«"3 

i> 

Ai 

■09 

191 

n 

6.110. 

3J 

J7 

s.stosr^s 

3T« 

»j" 

irf 

14 

T3 

8j 

dfi 

■T 

«» 

35 

«9 

71 

■fi£ 

*f 

tl 

# 

!i 

si 

«9a 

t7 

"7 

% 

m 

tio 

4! 

1«7 

*7 

«a 

9fi 

J9 

"9 

^ 

s 

^ 

♦» 

1.919  M|7 

t.S»  S?o6 

»ii3i* 

i.^ii 

ti-lf|l 

4i 

4* 

41 

39 

S-5-5^3 

4'7 
44' 

at 

3S 

IP 

4J 

14 

61 

4^7 

^ 

4S 

44 

3P 

SS 

4*" 

«i 

4« 

4S 

ift 

4a 

5*1 

iS 

^ 

46 

S3 

a* 

% 

si 

S3 

47 

«7 

16 

*9 

57 

4a 

13 

03 

fX 

>9 

1                   fit 

49 

09 

8,310  sSfli 

*9 

«S 

Sft 
51 

•»"«g 

-^ 

■9 

6.iB6i 
7« 

5a 

S.Sogotflfi 

fa 

e^a 

•9 

7« 

53 

^a 

S 

7i<> 

■9 

73 

54 

«7 

744 

■9 

ij 

SS 

«3 

'J 

7«9 

30 

»7 

s« 

T» 

01 

1% 

¥> 

9t 

5I 

74 

a.sia  5488 

3© 

94 

s* 

70 

7% 

I44 

J* 

9! 

:: 

«6 

£* 

Wg 

30 

1  i»» 

1.509(^.69 

«-5iaH«» 

1  jSlw 

■Jlje 

1.1905 
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Table  XXXVIL 
factors  used  in  geodetic  computations. 

LATITUDE  44*. 


Lai. 

lOfyl 

.       to»* 

Jag  C 

Uig/I 

\xmE 

dw.i'^-ft*. 

dl&.i^B  —  e»ai 

di«,,^+o^. 

*lllt.i"  =  +o.» 

diff.t'*  =  +a^ 

44  W 

t.SQ9i».«. 

»'Sto  S#49 

«3MW 

•■»3(» 

fi^ffloi 

I 

w 

3^ 

9*9 

3» 

^ 

9 

5J 

n 

94S 

3* 

■3 

J 

49 

ot 

«7o 

J» 

*f 

4 

44 

a.swjjia 

993 

l» 

w 

1 

% 

s 

045 

3* 
3" 

^ 

\ 

I" 

^ 

070 

31 

JK 

»y 

09* 

3« 

13 

9 

•3 

■3 

iw 

31 

39 

VD 

l.9S»oxx9 

i>SiQ5l>t 

1.3OMS 

■■3»3i 

«'«Ji 

II 

H 

^^ 

171 

3i 

■1 

'"^rs 

i«6 

31 
3t 

SO 

9 

*# 

«t 

e» 

•4* 

3« 

f.5090097 

s<^ 

•7« 

3< 

01 

IS 

43 
5?        1 

3t 
3« 

g 

|4 

t« 

3#A 

3» 

?■ 

ig 

Sa 

^^ 

3ffi 

J» 

7« 

■D 

l.909«rti    . 

Mia  5194 

t*»»6 

*  393a 

«.i^ 

■1 

i 

S 

4*1 

J» 

«4 

« 

£i 

447 

3« 

87 

»1 

fij 

53 

47» 

3» 

91 

«# 

M 

40 

497 

3» 

95 

s 

S4 

«ft 

5** 

3*         1 

99 

*5 

U 

447 

H 

6.fla» 

s 

# 

m 

57» 

3" 

«« 

4« 

8.510  sola 

597 

^ 

i<) 

"9 

37 

?« 

£n 

t" 

*4 

3P 

■  ■50ffW33 

i.siosoe^ 

I  19*48 

••l^3« 

t.m%7 

J« 

m 

so 

% 

3" 

ti 

3» 

■4 

37 

3« 

■s 

13 

ao 

»J 

711 

13 

>9 

31 

16 

It 

74« 

33 

3» 

JS 

11 

07 

a,s-49g 

771 

79» 

31 

33 

3* 

37 

crj 

73 

Sil 

U 

44 

3i 

■  ■So&WW 

6d 

S4S 

1^ 

47 

J* 

94 

47 

873 

33 

3" 

40 

B.5°a9W^ 

I^S10  493S 

'  I989i 

»  3913 

«.»S5 

*» 

m 

99 

®t4 

31 

S9 

f» 

Bi 

-^ 

*49 

13 

At 

#1 

77 

""^"n 

•         t74 

31 

06 

44 

7J 

9M 

33 

70 

41 

09 

70 

t.40sa4 

33 

74 

4fi 

!* 

SI 

049 

33 

77 

41 

6a 

44 

074 

33 

St 

48 

S* 

3» 

099 

33 

«5 

49 

S" 

t« 

r«4 

33 

84 

y 

I.f9«994? 

S.Ai0  4«od 

1  #0149 

i.3913 

6.»^ 

ai 

43 

a. 5 10  4791 

*74 

33 

9« 

!■ 

39 

lo 

MA 

13 

i.tieo 

SI 

34 

^7 

«s   ■ 

33 

04 

J4 

30 

34 

ifo 

33 

o« 

S| 

a« 

41 

^S 

13 

it 

sfi 

■s 

S 

300 

33 

■5 

5 

17 

T«5 

33 

■9 

Si 

»3 

-"3 

JSft 

31 

HJ 

w 

09 

B.S  10469a 

375 

33 

*f 

(4 

■.5oS9?>4 

8  1104*77 

». 40400 

■3933 

"    4*#'3<»         . 
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Table  XXXVII. 
factors  used  in  geodetic  computatiohs, 


LATITUDE  4»* 


Lit. 

diCi%±«^ 

di&^+«^ 

41  V 

l.fa«99>H 

i-S"  4*T7 

i-4a4i» 

*'f»3 

•*«3P 

1 

qfi 

** 

*»5 

31 

M 

a 

»5ot9B9« 

S" 

4fi> 

33 

J* 

3 

41 

3« 

47S           1 

34 

!; 

4 

■f 

9f 

SOI 

34 

«« 

«S 

*^ 

13 

Si6          i 

M 

f9 

6 

w 

«i 

»l 

M 

i 

74 

a-Sio  45»7 

S7« 

^ 

F 

70 

74 

6(11 

14            1 

«I 

9        , 

^ 

6i 

6^ 

34 

«>4 

lo 

l.sel9S6i 

1.510  454> 

I4C*5« 

•^ItM 

i^tiei 

It 

57 

^ 

M 

34 

2 

fa 

53 

"1 

7" 

^           1 

I? 

■1 

4A 

ID 

7»7 

M 

•» 

14 

44 

1<S)«>4497 

75» 

14 

»3 

»5 

4» 

i4 

p7 

n         1           «7        1 

ifi 

J« 

Jl 

«« 

a 

«< 

ij 

!■ 

2 

a*7 

33 

*S 

iS 

»T 

Isa 

19 

99 

«t 

■3 

33 

a?? 

u 

w 

fa 

1*508  9fi>« 

i-S"44» 

1.40902 

'3931 

«.*»6 

*l 

H 

or 

9*7 

13 

lO 

in 

10 

•-SW  43W 

95» 

33 

'! 

*» 

fl« 

ii 

97i           i 

33 

tt 

»4 

ei 

68 

1.4100^ 

33 

n 

n 

l-S0iW9J 

9fi 

eal 

33 

« 

a« 

il 

4J 

053 

33 

P9 

•f 

JO 

otC 

33 

33            ' 

*l 

&4 

17     1 

\C(\              ' 

33 

W 

•^ 

la 

04 

lat 

33 

m 

J» 

1. 50a  97^ 

9.^T0  4T9i 

1.41135                  >-3*ll 

6.tS4« 

J" 

71 

7« 

178                         11 

48 

3* 

67 

% 

«»5                            13 

5; 

13 

fij 

5* 

aa9                            33 

56 

34 

sa 

40 

»54           ,                 31 

£d 

JS 

54 

«T 

»7?          *                13 

©5 

3* 

5* 

14 

304           •                 33 

^7 

IT 

46 

Dt 

1»*          •                11 

7< 

iB 

4* 

6.SIO41S* 

J54           '                 33 

75 

39 

37 

7S 

ir9                             33 

79 

40 

».|oa  ,733 

8.510  4i6(Ji 

t. 41404                   i*19]3 

'•"SI 

«i 

93 

49 

4»9                             11 

43 

=4 

17 

454                            33 

^ 

43 

ao 

*♦ 

-              ^79                             13 
«?«                           13 

94 

44 

t6 

TI 

93 

4S 

11 

a.5ic4^ 

?3*»          '                 13 

fi-tj^t™ 

46 

<*? 

»s 

555                             !■ 

«96 

47 

03 

T= 

5£o           1                  3" 

o«             1 

4H 

B.soa^M 

6d 

605           ^                  1^ 

'3 

*9 

94 

47 

fijto                            33 

iT 

5& 

£.VaS9«9<3 

6.510  4034 

S*4ifi55 

14391" 

fi.ijai             ' 

51 

fi£ 

ai 

680 

I» 

*5 

Sa 

li 

d8 

70s 

^ 

»9 

S3 

7a 

8  Ste  Jfl95 

73  « 

3* 

3* 

34 

T4 

«. 

756 

3» 

3© 

Si 

6B 

«^ 

7Bt 

3» 

40 

f6 

«4 

S7 

ae£ 

1* 

44 

<    ^ 

fit? 

44 

I31 

3" 

i8 

55        ' 

3' 

8^6 

3* 

S» 

54 

S^ 

■a 

8Si 

3a 

»S 

6a 

i  sot  S647 

l.jio  J9QS 

1,4*90* 

1  ns" 

6.13M 
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Table  XXXVIL 
factors  used  in  geodetic  computatiohs* 

LATiTllDK  46* 


f 

loir  <7 

«    t 
4«» 

i«|*^9fi4? 

a.SW3905 

1  4t9^ 

J. 193* 

fi.i3S9 

1 

H 

8.5103191 

^31 

3^ 

63 

* 

79 

957 

jj 

6? 

^ 

J4 

07 

98» 

31 

71 

* 

3»      1 

54 

!.^3C07 

31 

75 

05 

as 

^1 

033 

3' 

1^ 

€ 

ti 

■S 

V^, 

3« 

\    \ 

17 

«s 

3< 

86 

a 

<n 

107 

J' 

90 

9 

8.5103789 

»3" 

31 

94 

lO 

»Jo89«o4 

8.5103776 

I  4**57 

»393« 

6,139* 

ii 

OCt 

«4 

1B3 

31 

6.3403 

19 

«-5«*  95^5 

^i 

»8 

11 

^ 

ts 

ai 

3« 

133 

30 

09 

M 

I7 

'S 

iSS 

JO 

ij 

tS 

% 

It 

tS3 

3» 

17 

i« 

8.jio3<^ 

308           1 

JO 

«t 

ij 

74 

333 

3^ 

as 

il 

r 

74 

|i! 

30 

sg 

ig 

€1 

^% 

30 

33 

» 

%.W^  9SSi 

8.S«3^4S 

1.4*409 

1-393© 

6.M36 

at 

57 

3S 

434 

3^ 

4* 

4^ 

u 

3a 

419 

30 

44 

93 

*^ 

4a4 

39 

4fl 

1         ** 

44 

«SJ&1S«6 

309 

99 

5* 

S 

4« 

H 

554 

■9 

56 

3S 

?i 

SS9 

S9 

fo 

*7 

3» 

s« 

584 

=9 

^ 

aB 

S7 

45 

feio 

*9 

*7 

•9 

«J 

3» 

*3S 

39 

f< 

30 

fi^5°9  95i3 

8.5TO  3S'9 

1.4.660 

3.3929 

*^a475 

3t 

»4 

oe 

6S5 

*2 

V, 

3* 

la 

»  S»0  3494 

71a 

sS 

JJ 

OS 

8t 

73s 

*B 

«7 

34 

01 

£8 

7» 

sS 

9t 

35 

8  ■50*9197 

35 

786 

38 

9S 

36 

fll 

4» 

eii 

>8 

99 

37 

B« 

»9 

Bj& 

38 

6.1501 

3» 

84 

17 

861 

38 

06 

39 

Sa 

04 

186 

3i 

10 

40 

t.soft  9475 

8.S10  33^1 

l.4>9" 

3.3917 

6.»S*4 

4t 

71 

78        1 

93^ 

*?                 1 

IS 

43 

67 

6j 

961 

»f 

33 

43 

*l 

54 

987 

»7 

*6 

44 

S8 

39 

t.  43013 

37 

30 

:i 

S4 

37 

Oi7 

»7 

x^ 

Sa 

«4 

063 

37 

4T 

45 

oi 

0^7 

»6 

4t 

4i 

41 

8.510  3a8S 

113 

3« 

4S 

49 

37 

75 

»3? 

a6 

49 

yj 

8-S^  9I3J 

8.510  3?6» 

l-43»63 

3.3$lfi 

6-3553 

51 

sft 

49 

188 

la 

k^ 

^ 

34       i 

37 

^n 

■6 

«i 

£3 

39 

34 

>38 

3«            1 

6S 

54 

Iti 

n 

=»63 

as 

6g 

SS 

II 

a.  510  31 98 

188 

3S 

73 

5* 

07 

is 

3'4 

IS 

P 

S7 

03 

!'     , 

J|9 

as 

8t 

ja 

8*Sofi  939« 

Ad 

3^4 

»s 

84 

59 

94 

47 

i«9 

as 

8a 

&» 

■-5^9390 

8,5103134 

<  *34»4 

»  3*»4 

6.1593 
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Table  XXXVIl, 

FACTORS   USED   IN  GEODETIC   COMP'JTATIOKS. 
LATITCDE  €1\ 


tm. 

ioK^ 

lot^ 

.-    **V^ 

...  !?«^      • 

lOfff 

«^,i"=-*q7 

pliff.l''iK-«.«l 

di«.t"=+*4i 

dUl.t'^sH-A^ 

di«,f"-+*Mi^ 

m     * 

...-«g 

«'fK*J'J4 

1434^ 

»-»»4 

ttj^ 

1 

at 

4» 

*4 

# 

■* 

Si 

q6 

#ef 

»« 

i  ifaa 

1 

77 

t.Sie  3Q*S 

#9^ 

>» 

«l 

4 

73 

S« 

5.5 

«f 

i4 

% 

til 

;o 

M* 

«l 

19 

«i       ' 

57 

S#$ 

■3 

1< 

T 

&»       1 

44 

59^ 

»3 

as 

a 

S« 

3" 

«"S 

*1 

:i 

9 

5t 

a 

«4i 

*3 

sa 

s^s^  gi*T 

^i^w^ 

1.43666 

3*39»i 

«,^i. 

It 
I* 

^ 

8^S»&»^ 

^J 

»3 

3$ 

»3 

3* 

e? 

'SI 

*a 

4J 

«4 

3P 

S4 

766 

T» 

47 

:i 

36 

4» 

79« 

«• 

%* 

3f 

>a 

8ti 

9S 

SS 

f? 

»y 

j6 

«4- 

«l 

S 

iS 

'3 

«3 

«7 

SI 

•4 

WJ 

i.Sio  *M 

8^ 

«l 

«7 

» 

■  .SaBl|j04 

1,SK»*877 

«.#J»t7 

»39»» 

6,,e,l 

ii 

fi4 
5* 

^ 

•t 

so 

TS 

7W 

3] 

9= 

39 

t.440ti 

*& 

tj 

»♦ 

St 

«« 

w 

»7 

:i 

H 

»3 

»43 

so 

9« 

T9 

00 

069 

3a 

9$ 

3 

?4 

8,510  *757        , 

«94 

14 

.        99 

^ 

74 

119 

19 

6..TW 

89 

&3 

»M 

19 

06 

J» 

ajoagvdt 

S^5ta¥749 

>  M<«9 

*  19^9 

6«r7ii3i 

1' 

57 

'J5 

>*5 

■4 

M 

3" 

53 

*3 

a^»ci 

18 

t» 

33 

49 

10 

»45 

iS 

91 

34 

44 

Sjl«909i 

itytt 

tt 

•6 

3S 

40 

85 

a&S 

iS 

3^ 

3* 

16 

73 

331 

iB 

34 

jr 

3» 

3 

34* 

17 

3* 

J» 

*7 

37« 

ff 

4' 

n 

"3 

33 

396 

"7           1 

46 

m 

i.  soft  9119 

B.510  z6ai 

1.44431 

■  39*7 

6.ir?5& 

41 

•4 

68 

447 

16 

54 

4* 

10 

S.5ia  J595 

47* 

i£ 

5« 

43 

a£ 

U 

IW 

16 

6» 

44 

Da 

69 

Sja 

16 

66 

4S 

8,508  qt^ 

57 

547 

16 

10 

4e 

% 

44 
3« 

SI 

»3 

?s 

4« 

H 

iS 

^1 

*S 

89 

4^ 

Ita 

05 

ts 

i6 

50 

9.50«9>?* 

3,510*403 

1  *4673 

«-39l4 

6»»79o 

$> 

7a 

«99 

14 

94 

S* 

67 

67 

T^4 

M 

9» 

53 

fij 

43 

749 

14 

6.:>St>a 

'         U 

59 

41 

774 

(3 

q6 

ss 

5S 

^a 

Boo 

U 

10 

56 

SO 

)6 

3.5 

t3 

«4 

S7 

49 

OJ 

aso 

*3 

18 

S» 

4» 

8.|io  ^ijgo 

87s 

tt 

•9 

S** 

38 

77 

qeo 

11 

■6 

fo 

9,308^1 5  J 

1.310*364 

'      i.44f«« 

a-39" 

6,^JD 
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Table  XXXVII. 

FACTORS   USED   IN   GEODETIC   COMPUTATIONS. 
LATITUDE  4«* 


log  A 
di«.  I'^a  -0.07 

loK^ 

bgC 

^     |ng/> 

lot^ 

Lat. 

diJi,i"^-o.ai 

(lilI.t"«+&4> 

diff,l"=    -Q.CIQ 

d]li.l''»C-|-Qw07 

•     / 
4800 

8.S0S9133 

a  jioa^ 

1.449a* 

a  »!■ 

6.839 

t 

aQ 

S» 

9Si 

i« 

34 

a 

•5 

n 

97* 

El 

18 

3 

ao 

16 

i.4y»i 

tl 

*! 

4 

16 

IJ 

«r 

II 

4* 

05 

la 

00 

OSS 

IK 

*> 

6 

08 

H.^tottsa 

077 

10 

S 

I 

03 
8.5089099 

u 

tat 

lo 

10 

9 

95 

49 

>S1 

10 

66 

10 

8.5089001 

1^510  TljtS 

4.45*78 

a-3909 

6,187a 

11 

n 

ao3 

*>f 

H 

la 

8a 

It 

W9 

3 

i! 

13 

78 

a.siv  "vfi 

■M 

14 

74 

8f 

art 

oS 

86 

»5 

«9 

7« 

30« 

08 

90 

16 

65 

tto 

3H» 

sA 

^ 

«7 

6t 

47 

!!? 

07 

^ 

18 

57 

34 

07 

6.>9oa 

»9 

5a 

3t 

4C« 

07 

06 

ao 

8.5089048 

i.%ta  tioa 

1'4SIJ1 

a»3W 

f».*9to 

at 

44 

1/510*096 

4S6 

06 

14 

J3 

39 

8i 

4lr 

^ 

It 

a3 

35 

7* 

507 

06 

91 

84 

3« 

5? 

Sia 

05 

*« 

as 

'7 

4} 

557 

05 

JO 

a6 

aa 

la 

sBa 

OS 

34 

'7 

18 

19 

608 

05 

38 

a8 

14 

oC 

Jii 

04 

4a 

29 

10 

8.510  1^3        1 

04 

46            , 

30 

8.508900s 

Sjio  i9Bt 

1. 15683 

a  3904 

6*950 

11 

01 

m 

709 

03 

54             1 

3» 

8.5088997 

5S 

7J4 

03 

S8 

33 
34 

tl 

4=i 

J3I 

01 

oa 

6i 
«6 

35 

84 

17 

Bio 

oa 

70 

J(> 

80 

04 

83s 

oa 

74 

37 

76 

1.510  j89r 

861 

m 

78 

38 

7« 

rs 

&86 

01      , 

89              ! 

39 

67 

66 

911 

01 

86 

40 

8.5088963 

^.|ia  ]l53 

i   45937 

3.390* 

6.3990 

4« 

59 

4a 

9«« 

e» 

94 

4a 

54 

»7 

987 

00 

^ 

41 

50 

*S 

i.^Aoi* 

oo 

6.3fCraa 

44 

46 

oa 

038 

*  3899 

06 

4S 

4« 

B.51LJ  1  jSa 

06s 

9^ 

13 

46 

37 

76 

08S 

99 

■5 

47 

33 

=»♦ 

114 

98 

19 

48 

39 

SI 

"19 

^a: 

n 

49 

24 

36 

164 

98 

37 

50 

8.508  d9ao 

a, 51a  i?»s 

1.46190 

i-3897 

ftjoji 

5X 

16 

tj 

315 

97 

35 

52 

12 

OCp 

a40 

97 

39 

53 

08 

11.31a    1687 

>€6 

9* 

43 

54 

03 

74 

a9i 

96 

47 

55 

8.5088899 

62 

316 

96 

5« 

56 

95 

49 

34a 

95 

55 

57 

90 

36 

367 

95 

!^ 

58 

86 

«3 

39a 

95 

53 

59 

8a 

10 

418 

94 

^7 

60 

8.5088878 

8.510  1598 

». 46443 

a. 3894 

6.3071 
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Table  XXXVI  L 

FACTORS   USED   IN    GEODETIC    COMPUTATIONS. 
LATITUDK  4»% 


LflU 

lot^ 

^    lOfi^ 

IpgC 

]o«  J? 

]d«£ 

diir.*''  =  -o.o7 

diff.  i"  =  4-  0,43 

dlil,l"=-o.oi 

diff.i"=^**7 

4fl<» 

a.5^i«7a 

«'4^J 

S.3S94 

6,iort 

1 

7j 

as 

4^ 

94 

75 

a 

^ 

7» 

494 

93 

s 

1 

5^ 

39 

5*9 

93 

4 

6i 

47 

544 

93 

8» 

"1 

57 

34 

570 

9* 

9* 

St 

at 

5<iS 

9* 

9& 

7 

4B 

oa 

63t 

W* 

£.3100 

S 

44 

8,510  i|9fi 

6,6 

91 

04 

» 

3* 

B| 

e^i 

91 

48 

to 

B,s«aas3s 

8.510  M70 

T.  46606 

ii.3B9i 

6.3T19 

It 

I* 

5a 

7M 

QO 

16 

I* 

n 

45 

747 

w» 

90 

H 

'A 

3*        1 

S 

a.38«9 

>4 

>4 

19 

89 

9i 

14 

tyf 

Em 

s^ 

3*           ' 

8-SW  1394 

J49 
»74 

88 

37 
41 

CI 

6B 

i99 

88 

4J 

39 

i^s-^fi  &?^7 

5« 

9ts 

s? 

49 

JO 

8.5oi  S?9J 

i.sio  1343 

1^4695^ 

..3»S7 

6. am 

11 

^ 

a'' 

976 

!l 

57 

B3 

H 

'7 

l,47«»< 

86 

«i 

*3 

u 

c^S 

Qa6 

86 

«5 

»4 

76 

8*510 1999 

OSS 

«5 

*9 

:! 

s 

6f 

w 

73 

»7 

*J 

54 

M 

81 

vi 

59 

41 

>S3 

84 

s« 

*t 

55 

afl 

179 

83 

90 

3D 

l.lAtSjgo 

S,5to  rtt6 

i'47«H 

S.I&83 

6-3*94 

3t 

46 

OJ 

9JO 

83 

q8 

ja 

^ 

S^sioii^Q 

9S5 

81 

5.3BD9 

3J 

38 

78 

sSi 

S? 

o« 

34 

33 

6S 

3«5«J 

81 

to 

3S 

»g 

S» 

3}« 

Bt 

IS 

3* 

=5 

39 

357 

Bi 

19 

^ 

■1 

»7 

3Ba 

80 

»3 

>i6 

14 

4^ 

80 

■7 

39 

f« 

01 

433 

Bo 

3« 

i» 

B.jisS  B7»a 

a.^ickioas 

1< 47459 

9.1879 

6'3»35 

4t 

04 

r. 

484 

^ 

39 

4» 

DO 

509 

43 

11 

i.5e8B*95 

so 

m 

7« 

47 

#4 

9< 

3t 

7* 

5a 

45 

87 

»s 

SM 

77 

^ 

A^ 

'^ 

ta 

6ri 

77 

% 

QO 

617 

76 

«4 

74 

8  5100987 

66t 

76 

68 

m 

70 

'                     74 

6S9 

75 

7" 

so 

8,508  e66ti 

8.5100969 

t  ■477*3 

i^3S?s 

6.^76 

Si 

6t 

49 

73ft 

75 

ftt 

59 

57 

36 

764 

74 

85 

53 

S3 

*1 

7^ 

74 

89 

54 

49 

SI 

Brs 

73 

9J 

5S 

45 

8  s»o»»S 

84^ 

73 

97 

56 

4*» 

■s 

866 

73 

C^-jji^t 

S7 

36 

n 

Boi 

7» 

«S 

sa 

3» 

&i 

9*7 

7» 

09 

1$ 

98 

4» 

94» 

fi 

M 

6o 

«.5aSi«t3 

a  fiooSis 

147968 

1,3871 

6.3JiS 
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Table  XXXVIL 
factors  used  in  geodetic  computations. 

LATITUDE  50». 


Lul. 

1««4 

.=*  '^^ 

lofC 

log/? 

lcv£ 

dilt.  1"  =  -  au07 

dlff- 1"«  -0.J1 

diff.t"=^o^3 

diir.i'L-oai 

dlff.i'^=+o*c,T 

8.51^86,1 

1.510  €>as5 

f-479« 

»  3»7t 

63318 

I 

1^ 

•* 

993 

7" 

t> 

% 

>S 

09 

>-4»&»9 

?<» 

v6 

3 
4 

It 

06 

s  5W0797 

044 

70 
«9 

IP 
34 

1 

03 

7* 
39 

=95 

til 

69 
68 

39          ' 
43 

i 

94 

4* 

146 

68 

47 

9*        1 

33 

IT* 

^ 

31 

9 

"5 

»i 

197 

67 

55 

10 

l.SoftSsSi 

ft.S>oo7eft 

»74 

1,3866 

IS^33S9 

n 

..S..o«|j 

66 
66 

u 

il 

«« 

70 

»99 

H 

71 

14 

64 

ST 

335 

6s 

7fi 

3 

60 

45 

3  SO 

H 

lo 

sfi 

3" 

37« 

64 

It 

'1 

s* 

t9 

44SI 

^3 

ifl 

4? 

°' 

4'7 

ei 

93 

19 

43 

9.S»oo5g4 

4Sa 

fi« 

97 

» 

a.5^»S39 

a.iiciosBt 

1^48478 

.,3^. 

634^1 

■  E 

35 

% 

504 

6j 

«S 

m 

3? 

539 

6e 

09 

»J 

sfi 

43 

u; 

6<i 

14 

»* 

»• 

31 

eo 

iS 

^5 

iS 

il 

£06 

6d 

a* 

ie 

14 

*** 

*3> 

59 

«6 

s 

09 
05 

«  3i*»owi 

^g 

5I 

30 
34 

•9 

01 

67 

708 

Ib 

39 

30 

1.5081497 

8.J1O045S 

1.4^734 

5-3857 

«-l443 

3« 

11 

43 

759 

57 

47 

3» 

8J 

^ 

810 

56 

51 

Jl 

S4 

17 

5fi 

55 

34 

Ba 

^4 

B36 

55 

fio 

5 

7« 

8*5(0  ojq* 

set 

55 

^ 

36 

V 

79 

887 

54 

«« 

u 

% 

66 
S4 

"^ 

54 
53 

JJ 

3^ 

59 

41 

9«4 

53 

8t 

4* 

i-5oai4SS 

e.sToopS 

t.4M9 

B.383* 

fi  34«5 

41 

'J 

16 

I -4901 5 

5' 

8^ 

4» 

4^ 

^^ 

041 

5i 

93 

43 

*S 

8.31a  «9i 

06^ 

5t 

97 

44 

3S 

78 

093 

y» 

6  3Soa 

*I 

34 

«5 

tJ7 

SO 

«6 

4* 

aq 

S3 

'43 

49 

le 

*l 

ts 

40 

169 

3« 

t4 

4S 

VI 

a| 

194 

le 

49 

17 

"S 

a»j 

41 

■3 

50 

..M.*^ 

S.SptQ  Q?oa 

1 .4gw4^ 

J^3N7 

6U5»7 

5< 

8.51001100 

371 

47 

31 

sa 

Q4 

V 

»97 

46 

?s 

51 

00 

^ 

3M 

46 

40 

S4 

1.50*8306 

5" 

348 

^5 

44 

s 

f' 

3^» 

374 

4$ 

4i 

56 

»7 

399 

44 

5* 

% 

83 

14 

43  S 

44            1 

5<5 

s8 

TO 

ot 

451 

43 

6( 

s# 

n 

1.510  C0S9 

47^ 

43 

*3 

^ 

isosftnt 

8.Si0»76 

t.49S« 

•3*4* 

6,35*9 
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Table  XXXVIIL 

CORRECTIONS  TO    LONGITUDE    FOR    DIFFERENCE   IK  ARC 

AND    SINE, 
(Fram  AppenilLi  No.  ^*  Report  n£  V.  S.  Comt  and  G««dctic  Smwcf,  t99^.} 


I^AM-) 

Log  Ditefeji«. 

Log  AA  C+j' 

Umsi-\ 

Loc  Dtffcivilcs. 

UmUiM 

l97« 

O.OQO  OQIA 

•  *J»* 

|>*3>» 

f».<ip>o«iA 

^^'1   , 

^.mA 

0» 

•1 

*'<*I7 

»t« 

1^5.*     1 

4  lU 

03 

S.MS 

S 

J-SS4 

«-iTT 

ot 

fl.«i« 

5'Oai 

l-5«» 

4-99% 

OS 

*^IM 

j-cw* 

«l 

1  Sii 

4^»fi5 

c^ 

a  774 

S'947 

«n 

3M< 

4  79a 

[         ^ 

1.807 

f-oW 

Ma 

3-1*3 

#il»7 

>.0|6 

f.ofe 

WTfi 

3  SJi 

::f4 

09 

10 

1068 

*43 

IS 

It 

t4 

IS 

4 '411 

»a 

•  w; 

^095 

*n 

!   ::X 

M 

«.<»* 

5.1W 

iti 

l.**t 

»S 

a.Wl 

5.io« 

*9* 

3«-f 

4.«7i 

t& 

*«»7 

J  114 

ana 

3^ 

:12 

:i 

3*o« 

13 

3-^ 
3  615 

ao 

3.*3S 

%ta 

Wf 

3«4» 

4^1 

«.1 

3*037 

f  13» 

Jjft 

l-*f7 

4.370 

»5 

l.«70 

f*i44 

345 

I^SS 

4'f«1 

»7 

3.1" 

f  «S9 

354 

3*59 

4  til  3 

J9 

J.Mt 

S.i«7 

3^4 

^■?* 

4*H 
4'^9 

^ 

J.14J 

'M 

3.ef6 

4:«^ 

39 

l-*?« 

s^tyj 

39' 

l.»l 

4*«i4 

43 

1*»91 

5,t7« 

*» 

3*i«7 

4.701 

^     1 

3.*w* 

S  lis 

4t« 

j.i^ 

4.7** 

3  a»5 

5  "« 

4» 

J6W 

4'f3» 

S3 

|.«4t 

S'«« 

433 

J-7«» 

4.J4« 

s# 

l-"5i 

f^SQQ 

443 

?  70* 

4.76' 

g 

i:3; 

^ 

3.711 
l*7tl 

ftl 

3>>«7 

S  lt4 

*M 

13 

4-aoi 

?« 

3.310 

5' "9 

4.IU 

4.S15 

75 
So 

3.3« 

1314 

lis 

S 

3-731 
3  737 

4^)4 

a* 

J '341 

r:^ 

5»t 

3*f^ 

4  *^9 

99 

3:^ 

1^ 

ynj 

*.«eSu 

94 

in* 

$41 

3'fn 

4^871 
4.ftBa 

9* 

S.a47 

§? 

iS 

489. 

3*40* 

S..|^ 

STT 

37*S 

4*9°J 

»t4 

3-4»" 

S-»*o 

Sii 

3.7«9 

4-9U 

ti^ 

3*^« 

s.rfs 

*™ 

3m 

4.9a* 

114 

S-41« 

S-9«9 

J:^ 

It 

♦'93» 

,30 

l'44i 

t'^ 

^5 

4  ■941 

T.16 

l-4Se 

f37 

|.7l7 

4  9SQ 

»4a          1 

i::s  1 

S.*B* 

Ho 

3*79« 

4-959 

J47 

S.1S6 

^ 

3-m 

4-9^ 

>5]          ! 

m 

4.97« 

I«o 

4  9^$ 

ifiti 

1-4^ 

♦  993 

17a         1 

3  5«» 

S  «» 

179 

J. 5"       1 

. 

FACTORS    USED   IN  GEODETIC  COMPUTATIONS.     67 1 

Table  XXXIX. 


VALUES   OF   LOG 


cos  \dip' 
(Froin  Appendix  No.  9,  Report  of  U.  S.  Coast  and  Geodetic  Survey,  1894.) 


A*. 

.o..^.(^). 

A^. 

■^-IS 1 

A*. 

...«c.(^). 

10' 

o>ooo  000 

40' 

0.000  007 

70 

0.000  099 

II 

4» 

8 

7» 

aa 

12 

43 

8 

72 

94 

«3 

43 

8 

73 

»4 

«4 

44 

9 

74 

*5 

«5 

45 

9 

75 

96 

16 

46 

10 

76 

36 

»7 

47 

10 

M 

37 

18 

48 

.11 

38 

«9 

49 

11 

Z 

39 

20 

50 

ti 

39 

at 

5» 

13 

81 

30 

33 

52 

12 

82 

3« 

23 

53 

>3 

83 

32 

»4 

54 

''           1 

84 

32 

25 

55 

14     1 

Si 

33 

36 

56 

M     i 

86 

34 

27 

57 

15     f 

1 

87 

35 

38 

58 

»5 

88 

36 

29 

59 

16 

89 

36 

30 

60 

16 

90 

37 

3« 

61 

X7     I 

9t 

38 

3a 

63 

18 

93 

39 

33 

63 

18 

93 

40 

34 

5 

64 

19    ! 

94 

4» 

35 

6 

% 

«9     1 

95 

41 

36 

6 

20     ! 

96 

4» 

37 

6 

67 

21 

97 

43 

h8 

7 

68 

21     ' 

98 

44 

39 

7 

69 

23       , 

99 

45 

Table  XL. 

LOG  F, 
(From  Appendix  No.  9,  Report  of  U.  S.  Coast  and  Geodetic  Survey,  1894.) 


23 

i-oe  /-. 

Log  F.       I 

Lat. 

Logr.  /'. 

Lat. 

Log^. 

7.813 

34* 

7.877    . 

45' 

7.840 

56* 

7.706 

24 

23 

35 

77    1 

46 

32 

57 

7.688 

25 

32 

36 

77    1 

47 

24 

58 

69 

36 

4t 

37 

76 

48 

M 

§9 

49 

27 

49 

38 

74 

49 

04 

60 

27 

38 

55    1 

39 

72 

50 

7792 

61 

^S 

3Q 

6i    { 

40 

69     ; 

5» 

80 

63 

7.581 

3" 

66   ; 

4« 

64     i 

52 

67 

53 

56 

3« 

70 

4» 

60     ' 

53 

53 

64 

29 

32 

73 

43 

54 
48 

54 

38 

65 

01 

33 

75 

44 

55 

23 

66 

7.47« 

CHAPTER   XXX. 

GEODETIC  CONSTANTS  AND  REDUCTION  TABLES. 

29a  Constants  Depending  on  Spheroidal  Figure  of 
Earth. — The  following  are  based  on  Clarke*s  spheroid  of  1886: 

Equatorial  semi-axis,  a  =  20926063.    feet:  log  =  7*3306875; 

••          tf  =           3963.3  mile*;  ••    =  3-5980536; 

Polar                   ••          *  =  2o8s5i3i*    i^^t;  '*    =  7.3193127; 

"          *  =           3949-8  miles;  "    =  3-S965788: 

Equatorial  radius,        a  =     6378206.4  meters;  '*    =  6.8046986; 

Polar                ••             *  =     6356583.8       ••  ••    =  6.8032238; 

Equatorial  R.  :  Polar  R.  or  a  :  ^  ::  294.98  :  293.98  ;        —  =  ?52l^. 

a        294.98 

Circumference  of  equator  =     24.901.96    miles. 

Area  surface  of  earth  =  196,940,400  square  miles. 

/•  =  2£  =  Eccentricity  =  .0067687  meters;  log  =  7.8305028; 

-  =  £    =Ellipticity      =  e_ZL_*  =  -J_^;  •.    =7.5294689; 

!-<'»=  .9932313;  *•      =  9.9970503; 
7,\  **      =  8.5097266. 


291.   Numerical  Constants.  —  Circumference    of   circle, 

diameter  unity, 

=  TV  =  3. 141 59265  =  log  0.4971499, 

27r   =6.2831853     =    *'    0.7981799; 

n*  =  9.8696044    =    '*    0.9942997. 
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NUMERICAL   CONSTANTS. 

Length  of  an  arc,  a^  with  radius,  r, 


673 


anr 
180^ 


V^ 


nearly  \/  -^  +  ver  sin', 


^  being  the  chord  of  the  arc  a. 

log.  sine  i" = 

log.  \  sine  i" = 

a.  c.  log.  sine  i" = 

\"  for  radius  =  i  mile  = 
1^    <(       ((  ( 

nat.  sine  or  tang,  i 

Basis  of  natural  logarithms e«2. 7182818285 

Modulus  of  Briggs's  logarithms m^o. 43429448 19 


4.6855748668; 

4.384544871 1 ; 

5.3144251; 

0.3072  inches; 
=  18.431 
=    0.00000485. 

^    o 

0.4342944819 
9. 63778431 13— 10 

5.3144251332 


Radius  of  the  circle  in  seconds r»=  206264.8062 

**    *'       **      **  minutes r-  3437-74677  35362738828 

*'       **    **      **      **  degrees ,..f«  572957795  i. 7581226324 

Circumference  of  the  circle  in  seconds. . . .  1296000  6. 11 260500 15 

«  <<    <<       ^^      ti   minutes....  21600  4-3344537512 

**  "    **       «<      <«   degrees 360  2.5563025008 

"  "   **      '*     for  the  diameter  —  i  0.0000000000 

-3. 1415926536  0.4971498727 

ASTRONOMICAL  CONSTANTS   (HARKNESS). 

Sidereal  year  » 365. 2565 5 78  mean  solar  days. 

*  •       day  =»  23^  56^  4."ioo  mean  solar  time. 
Mean  solar  day  »=  24*  3™  56.^546  sidereal  time. 

**      distance  of  the  earth  from  the  sun  =92,800,000  miles. 

PHYSICAL   CONSTANTS. 

Velocity  of  light  (Harkness)  =  186,337  miles  per  second  -=299,878  km.  per  second. 
'*       **    sound  through  dry  air  =  1090%^  1+0.00367  <°  C.  feet  per  second. 

Table  XLI. 

INTERCONVERSION  OF  ENGLISH  LINEAR  MEASURES. 

(From  Smithsonian  Geographical  Tables.) 

Unit  of  linear  measure  is  the  yard. 


Inches. 

Feet. 

Yards. 

Rods. 

Furlongs. 

Miles. 

I 

12 

36 

198 

7920 

63360 

0.083 
I. 
3- 

16.S 
660. 
5280. 

0.028 

0.333 
I. 

5-5 
220. 
1760. 

0.00505 
0.06060 
0.1818 
I. 
40. 
320. 

0.00012626 
O.OOI51515 

0.004545 

0.025 

I. 

8. 

0.0000157828 

0.00018939 

0.00056818 

0.003125 

0.125 

I. 
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I  acre— 309  feet  square ERar+i:7So 

X    **  -43»56o  •quare  feet. 

I  mile  — 1760  jrards— 5280  feet  «-6!3p36oiiiclKt. 

To  change  log.  miles  to  log.  yards  add  3.a455is7; 

«'       ««       log.  yaids«<  log.  miles  "     6.754487I- 
I«g.    3-0.4771212547;  Log.  538o»3.7as$399SS5; 

Log.  12-1.0791813460;  Lpg.  17^— 3.3455197. 

Other  measures  are  the — 

Surveyor's  or  Gunter's  chain  =  4  rods  =  66  feet  =  100 
links  of  7.92  inches  each. 

Fathom  =  6  feet ;  Cable  length  =  120  fathoms. 
Hand  =  4  inches;  Palm  =  3  inches;  Span  s=  9  inches. 


Table  XLII. 
interconversion  of  english  square  measures. 

(From  SBitlMoaaui  Gcognphical  TabksO 
Unit  of  square  measure  is  the  square  jrard. 


Sq.Fcct. 

Sq.  Yards. 

Sq.Rodt. 

Roods. 

Acrau 

St 

I. 

O.IIII 

0.00367309 

0.000091827 

O.000O299S7 

9 

I. 

0.0330579 

0.000826448 

0.000206612 

272.25 

30.25 

I. 

0.025 

0.00625 

10890. 

I2IO. 

40. 

I. 

0.25 

43560. 

4840. 

160. 

4. 

I. 

27878400. 

3097600. 

102400. 

2560. 

640. 

I. 

292.    Leng^th  of  the  Meter  in  Inches.— According  to 

various  authorities  i  meter  =  in  inches : 

39  370790  Katcr,  1818. 

39.38092  Hassler,  1832. 

39.368505  Coast  Survey,  1851-1858  (Hassler  conected). 

39  370432  Clarke,  1866-1873. 

39.36985  Lake  Survey,  1885. 

39.3704316  Chief  of  Engineers,  U.  S.  A.,  (letter)  1895. 

39  •  377786  Theoretic  ten-millionth  of  quadrant  (Claike). 

39-37  By  Act  of  Congress,  1866. 

39.37  U.  S.  Coast  and  Geodetic  Survey,  adopted  1891. 
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H     293.  Interconversion  of  English  and  Metric  Measures,         ^B 

— ^The  units  of  measure  of  the  two  systems  are  the  yard  and              1 

the    meter.     The    standard    meter   has   its  normal  length  at         ^H 

iz""  F.  ^0"  C. ;  the  yard  at  +62**  F.     Their  relative  values         ^| 

1     arc                                                                                                               ^H 

^■^^^                 1  yard  =  f||J  of  the  meter,                                        H 

^^^H                                                                                                      fl 

^               ^TO  CONVERT  METRIC  TO  ENGLISH  MEASURES.                           ^| 

(Front  Appendii  No,  6v  U.  S.  Coau  and  Geodelk  Surrey  Report  lor  a8<»j.) 

■ 

MeKTs  lo  IncUct.           Meiem  lo  Feel.         Meters  lo  Yard*. 

Kilometen,    Miles. 

1 

1-5       39.3700                I^       3.38083                 1=1.093611 

1=0  62137 

2=      7S    7400             2=     6.56167             2=3.187222 

2      =    1.24974 

3  =  lis. 1100          3—    9.84250          3=3.280833 

3     =  1.86411 

H 

4  =  157*4800         4  =  I3*>2333          4  -  4.374444 

4    =  2.48^48 

5  =  196.8500          5  =  16.40417          5  =  5.468056 

5    =  3.106S5 

^^1 

t  =  216.2200          6=1968500          6—6.561667 

6     =  3.72S22 

V 

7^275,5900          7  =  22.96583          7-7-655278 

7      =  4.34*^5*J 

J 

8  =  314.9600          8-26.24667          8=8.748S89 

8      =  4.97096 

^ 

^ 

9  =  3543300          9-29.52750          9=9.842500 

9     -  5-59233 

■ 

H                                   Table  XLIV.                                           H 

^H               TO  CONVERT  ENGLISH  TO  METRIC  MEASURES.                                  1 

P 

(From  A|>p<ndi»  No.  6,  U.  S.  Cowt  and  Geodetic  Survey  Report  for  1893.) 

J 

lacho  10  MiHinietcr«.     Feel  lo  Meter*.           Yards  to  Meters. 

Miles.       Kilometers. 

1 

1  =     25,4001           1  =  0,304801           I  =  0.914403     j 

I      -     1.60935 

a  =r    50.8001         2  =  o.6o96(Ji          2—1.828804 

2     =     3.21869 

3=    76,2002          3  =  Ot9i4402          3=2,743205 

3     =     4  828O4 

^^^ 

4=101.6002          4=1,219202          4=3.657607 

4     =    6-43739 

^^1 

5  =  127-0003          5  =  1*524003          5  =  4  572009 

5     -     8.04674 

^^^k 

6=152,4003          6=1.828804          6=5.486411 

6     =     9.e5'>o8 

^^^k 

7  =  177.8004          7  =  2.133604          7=^6.400813 

7     =  II     6;43 

^^^k 

8  =  203.2004          8  =  2.433405          8=7.315215 

8     =   12.^6478 

^^1 

9  =  228.6005          9  =  2.743205          9  =  8.229616 

9     =   14.48412 

■ 

■         A 

1 

r  CONSTANTS  AND  REDUCTION  TASLMS, 

Table  XLV.                                      | 

TO  CONVERT  METERS  INTO  STATUTE  AND  NAUTICAL  MILES. 

Mcscr. 

Ma^. 

IMcf. 

H^it^ 

0.00002137 

6 

0.00372823 

0.00124374 

7 

O.OQ434959 

O.Ooti64ti 

9 

000497096 

0, 0024354 B 

9 

0.00559233 

O.QO31O605 

10 

0.00621370 

Meiers. 

Stuuec 

Mfks. 

Mct«n. 

StAtiite      Kavticml 
Hiltt.         Miles, 

Meiers. 

Striate  ' 

Haotkal 
Miles. 

to 

Q*oo6 

0.005 

100 

0.0&3 

0.054 

1,000 

0,621 

0,540 

20 

O.Otl 

O.Otl 

20O 

0.124 

o*toS 

2pOOO 

1.243 

1,079 

30 

0.019 

0.0(6 

300 

0.186 

0.  J62 

3*000 

1,864 

1.619 

40 

o^oas 

0.O23 

400 

0,245 

0>2t6 

4,000 

2*4S6 

2.t5S 

50 

0,031 

0.027 

SOO 

0  311 

0.270 

5.000 

3*C7 

3.69I 

6a 

0.037 

0 .  03a 

6cx) 

0.373 

0.324 

6,000 

3.728 

3-238 

70 

0  043 

O.03S 

700 

0.435 

0.37S 

7.000  1 

4*3S^ 

3-777 

So 

0,050 

0,043 

800 

0497 

0,43a 

S.ooo 

4  971 

4-317 

9a 

0*056 

0.049 

900 

0.5S9 

0.4S6 

gpooo 

5  593 

4-856 

294.  Logarithms  and  Factors  for  Conversion  of  English 
and  Metric  Measures.— 

Table  XLVI. 

logarithmic  constants  for  interconversion  of 
metric  and  common  measures. 


To  change  log.  of  meters  to  log.  of  miles 

**  **  log.  of  meters  to  log.  of  yards 

**  **  log.  of  meters  to  log.  of  feet 

'*  **  log.  of  meters  to  log.  of  inches 

**  **  log.  of  miles  to  log.  of  meters 

•*  '*  log.  of  yards  to  log.  of  meters 

•*  '*  log.  of  feet  to  log.  of  meters 

<<  **  log.  of  inches  to  log.  of  meters 


add  6.7933502; 

•*  0.0388629; 

**  0.5159842; 

'•  1. 5951654; 

**  3.2066498; 

*'  9-9611371; 

•'  9.4840158; 

''  8.4048346. 
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Table  XLVII. 

metric  to  common  system,  with  factors  and 
logarithms. 


ofTuLor, 

Reciprocal 
of  Factor, 

of  Factor. 

CentinMlcn               X     o-39?7        =  incli«  ..  

Misters                         X      t.iSoi^ii  —  feet     .    «...>. 

1  595»65 
0. 5159^4 

i,*9ol|l 
i.c|i9fiS 

fl- 785544 
I.S4795 
».4a»«a* 

6.431^3 
0.0999034 

0.404687 
16  3S79 

0*008317 

0.0037854 

«  4^481 S 

1.6071a 

i  45M47 
1  5781J6 

KilomtterB               K     0.62137     =  mile*^-- .* 

Sc)ki»rtceDtJiiieter«x     t>t55«»     =8quiireincha.».,. 
square  metcfi           X    ^^.'^m        ~  square  feet . . 

Cubic  tprttimrterm    X      0,06(0*34  =s  cubic  inches  

Cubic  mcicrs             x    151143        =  tu bit  feet 

Cubic  met  era             X  964.17           ^^  U.  S.  gallooi 

Millimeters  X  .03937  =  inches. 

Millimeters  -=-  25.4  r=  inches. 

Centimeters  X  -3937  =  inches. 

Centimeters  -r-  2.54  =  inches. 

Meters  X  39-37  =  inches.     (Act  of  Congress.) 

Meters  X  3281  =  feet. 

Meters  X  1.094  =  yards. 

Kilometers  X  .621  =  miles. 

Kilometers  H-  1.6093  =  miles. 

Kilometers  X  3280.8  =  feet. 

Square  millimeters  X  -0155  =  square  inches. 

Square  millimeters  -r-  645.1  =  square  inches. 

Square  centimeters  X  .155  =  square  inches. 

Square  centimeters  -^  6.451  =  square  inches. 

Square  meters  X   10.764  =  square  feet. 

Square  kilometers  X  247.1  =  acres. 

Hectares  X  2.471  =  acres. 

Hectares  X  259  =  square  miles. 


Table  XLVHI. 
miscellaneous  metric  equivalents. 

I  mill  meter  =  ,V  inch Error  -|- 

I  centimeter  =  |  inch 

I  meter  =  3  feet  38  inches 

I  kilometer  =  \  mile 

I  gram  =  15.4  grains 

I  kilogram  =  2^  lbs.  (avoirdupois) 

I  liter  =  I  quart 

I  foot  =  ^  meters  =    0.304801  meters 

I  fathom  =  i^  meters  =    1.829  ** 

I  Gunter's  chain  =  20|\j  meters  =  20.1168  *• 


ror  -|-  I 

:  62 

••     +1 

:  21 

"    H-i 

:  8600 

:  180 

**    —  I 

:48o 

**    —  I 

.'480 

**    —  I 

:i8 

PART  Vl. 
GEODETIC  ASTRONOMY. 


CHAPTER   XXXI. 
ASTRONOMIC  METHODS. 

295.  Method  of  Treatment — In  the  following  pages  only 
such  outline  of  the  subject  i^  given  as  is  indispensable  as  a 
guide  to  practical  field  operations.  The  mathematics  of 
astronomy  is  extended  and  complex,  and  is  omitted  excepting 
the  more  practical  working  formulas,  as  volumes  would  be 
required  for  a  complete  exposition  of  this  subject  alone. 
The  effort  here  has  been  to  give  directions  for  observing, 
examples  of  reduction  and  computation,  and  the  essential 
field  tables  only.  For  more  detailed  information  the  student 
is  referred  to  Doolittle's  or  Chauvcnet*s  Practical  Astronomies, 
Hayford's  Geodetic  Astronomy,  to  the  American  Ephemeris, 
and  to  special  tables  and  star  catalogues. 

The  arrangement  of  the  following  is  similar  to  that  of  the 
rest  of  this  book.  The  simpler  and  more  approximate 
methods  of  determining  azimuths,  latitudes,  and  longitudes 
are  <;ivcn  first,  as  they  would  be  used  in  exploratory  or  rough 
geo<5raphic  surveying.  (Chap.  IV.)  Following  these  are  given 
the  more  refined  methods  of  determining  the  same  quantities, 
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as  initial  positions  for  the  extension  of  geodetic  triangulalion. 
(Art.  285.) 

296*  Geodetic  Astronomy.^The  topographer  should  dis- 
tinguish in  the  beginning  between  an  astronomic  latitude  and 
longitude  and  a ^(fc^o'eVfi*  latitude  and  longitude;  in  addition 
neither  of  these  should  be  confused  with  celestial  latitude  and 
longitude.  Astronomic  latitudes  and  longitudes  are  referred 
to  the  action  line  of  gravity  at  the  station  of  observation. 
Geodetic  latitudes  and  longitudes  arc  referred  to  the  gravity 
line  which  has  been  corrected  for  local  deflection  or  station 
error.  On  the  other  hand  celestial  latitudes  and  longitudes 
refer  to  a  system  of  spherical  coordinates  and,  though  much 
used  by  the  astronomer,  are  rarely  employed  in  topographic 
or  geodetic  operations.  In  geodetic  astronomy  the  initial 
points  of  measurement  are  the  equator  and  vernal  equinox  for 
the  measure  of  declination  and  right  ascension,  whereas  in 
celestial  astronomy  the  ecliptic  and  vernal  equinox  furnish 
corresponding  initial  points, 

I      The  field-ivork  of  the  geodetic  astronomer  is  of  the  most 
practical  kind  and  has  for  its  objects: 

-        I,   To  determine  the  astronomic  latitude  of  the  station: 

P       2.   To  determine   the   true   local    time    at  the  instant  of 
observation,  or  the  true  astronomic  longitude  of  the  station: 

3.  To  determine  the  azimuth  of  a  line  joining  the  observ^a- 
tion  station  with  some  other  terrestrial  point. 

Finally,  as  one  of  the  operations  performed  in  the  above 
determinations  consists  in  the  finding  of  the  horizon  line,  he 
consequently  determines  the  zenith  distance  of  some  terres- 
trial object  as  a  reference  point  for  vertical  triangulation. 
The  zenith  and  a  celestial  object  are  therefore  the  two  points 
on  the  celestial  sphere  always  observed.  The  right  ascension 
and  declination  of  the  object  observed  become  known  inde- 
pendently of  the  observations* 

I       297.  Definitions  of  Astronomic  Terms* — For  some  of 
the  following  definitions  and  explanations  of  the  operations 
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of  geodetic  astronomy  I  am  indebted  to  the  admirable  te3ct- 
book  on  this  subject  recently  published  by  Mr.  John  F. 
Hayford  of  the  U»  S,  Coast  and  Geodetic  Survey,  to  which 
the  reader  is  referred  for  more  detailed  information  upon  this 
subject^  as  well  as  to  Doolittle's  and  Chauvenet's  Practical 
Astronomies. 

The  astroHomic  latitude  of  a  point  on  the  surface  of  the 
earth  is  the  angle  between  the  line  of  action  of  gravity  at  that 
station  and  the  plane  of  the  equator.  It  is  measured  on  the 
celestial  sphere  along  the  meridian  from  the  equator  to  the 
zenith* 

The  astronomic  longitude  of  a  point  on  the  surface  of  the 
earth  is  the  angle  between  the  meridian  plane  of  that  point 
and  some  arbitrarily  chosen  meridian  plane.  The  meridian 
of  Greenwich,  England,  is  accepted  universally  in  the  United 
States  as  this  initial  meridian  for  geodetic  operations,  and  is 
generally  accepted  throughout  the  world  in  most  nautical  and 
geodetic  w^ork.  The  meridian  of  Washington,  D.  C,  is 
sometimes  used  in  the  United  States  chiefly  in  connection 
with  public  land  lines. 

Geodetic  latitudes  and  longitudes  arc  deBned  by  applying 
the  distinguishing  explanation  already  made  to  the  above 
definitions. 

In  the  operations  of  geodetic  astronomy  the  bodies  con- 
sidered are  the  sun,  the  moon,    the  stars,   and  the   planets* 
including   the   earth    and    moon;   also   the   satellites  of  the 
planets.    As  seen  from  the  point  of  the  observ^cr  these  appear 
to  move  about  within  the  range  of  vision,  and  their  apparent 
motions  appear  quite  complicated.     To  clearly  orient  himself    - 
upon  the  earth   by  observation   upon  these   heavenly  bodi^^J 
he    must    have    an    accurate   conception    of   their   appareri^ 
motions.      In    the  apparent   motion  of  each  of  the   heavenly 
bodies  he  sees  not  only  its  actual  motion,  but  also  the  actual 
motion  of  the  seemingly  solid  and  movable  earth  upon  which 
he  stands,  since  both  are  in  motion.    As  admirably  expressed 


DEFINITIONS  OF  ASTRONOMIC  TERMS. 


68l 


r 


by  Mr  Hayford,  he  is  like  a  passenger  upon  a  train  at  night 
looking  out  upon  the  moving  lights  of  a  town.  He  sees  the 
lights  apparently  all  in  motion.  In  some  cases  the  apparent 
motion  of  a  light  may  be  entirely  due  to  his  own  motion.  In 
other  cases  the  lights  upon  which  he  looks  may  be  those  of  a 
wagon  or  of  another  moving  train,  and  their  apparent  motions 
re  often  due  to  their  actual  motions  and  those  of  himself. 

The  horizon  is  the  intersection  with  the  celestial  sphere  of 
a  plane  passing  through  the  eye  of  an  observer  perpendicular 
to  the  plumb-line  or  the  line  of  action  of  gravity.  The 
zenith  is  the  point  in  which  the  action  line  of  gravity  produced 
upward  intersects  the  celestial  sphere,  and  is  at  right  angles  to 
the  horizon  of  an  observer,  and  opposite  on  the  celestial 
sphere  to  the  nadir. 

The  plane  of  the  equator  is  a  plane  of  a  great  circle  of  the 
celestial  sphere  passing  through  the  center  of  the  earth  and 
perpendicular  to  the  axis  of  its  rotation.  T\iq  plane  of  the 
icliptic  is  the  plane  of  a  great  circle  of  the  celestial  sphere  and 
s  the  plane  of  the  orbit  of  the  earth.  The  ecliptic  itself  is 
the  intersection  of  the  plane  of  the  ecliptic  with  the  celestial 
sphere.     These  two  planes  are  \\i^  principal  reference  planes 

i  of  astronomy, 
'  The  equinoxes  are  the  two  points  in  which  the  equator  and 
ecliptic  intersect  each  other,  the  angle  of  their  intersection 
being  about  23°  27'.  The  vernal  equinox  is  that  at  which  the 
sun  is  found  in  the  spring,  and  the  autumnal  that  at  which  it  is 
found  in  the  fall. 

An  hour-circle  is  the  intersection  of  a  plane  passing  through 
the  axis  of  the  earth  with  the  celestial  sphere,  and  all  hour- 
circles  are  great  circles  passing  through  the  poles.  The  hour- 
ngle  of  a  star  is  the  angle  measured  along  the  equator 
between  the  meridian  and  the  hour-circle  passing  through  it. 
Right  ascension  of  a  celestial  body  is  the  angle  measured 
along  the  equator  between  the  hour-circles  which  pass  through 
the  star  and  the  vernal  equinox  respectively.    As  right  ascen- 
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sion  is  reckoned  from  west  to  east,  opposite  to  the  apparent 
motion  of  the  stars,  the  sidereal  time  at  the  instant  of  a  transit  of 
a  star  is  therefore  the  same  as  its  right  ascension*  Right  ascen- 
sion may  also  be  expressed  as  the  sidereal  time  elapsed  between 
the  passage  of  the  vernal  equinox  and  the  star  across  the  meri- 
dian.     It  is  usually  expressed  in  hours,  minutes,  and  seconds. 

The  (Uclinatiatt  of  a  celestial  object  is  the  angle  between 
the  line  joining  the  center  of  the  earth  to  the  star  or  planet  and 
the  plane  of  the  equator.  It  is  also  expressed  as  the  angular 
distance  of  the  heavenly  body  north  or  south  of  the  equator, 
and  is  -(-  when  north  and  —  when  south. 

The  culmination  ar  transit  of  a  celestial  object  across  the 
meridian  of  the  observer  is  the  passage  of  that  star  across  such 
meridian.  As  the  meridian  is  a  great  circle,  any  star  has  two 
transits  if  considered  for  a  complete  revolution  of  the  earth 
upon  its  axis;  the  first  of  these,  called  the  upper  transit  or 
culmination,  being  that  over  the  half  of  the  meridian  which 
includes  the  zenith.  The  second,  called  the  lower  transit  or 
culmination,  includes  the  transit  over  that  half  of  the  meridian 
which  passes  through  the  nadir. 

A  sidereal  day  is  the  interval  between  two  successive  tran- 
sits of  the  vernal  equinox  across  the  same  meridian.  Sidereal 
time  at  the  station  of  observation  and  at  a  fixed  instant  of 
time  is  the  right  ascension  of  the  meridian,  which  is  the  same 
as  the  hour-angle  of  the  vernal  equinox  counted  in  the  direc- 
tion of  the  apparent  motion  of  the  stars.  Sidereal  time  is 
zero  hours,  minutes,  and  seconds  at  the  instant  when  the 
vernal  equinox  transits  across  the  meridian.  It  includes  24 
hours,  numbered  consecutively  from  zero* 

An  apparent  solar  day  is  the  interval  between  two  succes- 
sive transits  of  the  sun  across  the  mendian.  The  apparent 
solar  time  for  any  station  of  observer  and  any  instant  is  the 
hour-angle  of  the  real  sun  at  that  instant  for  that  meridian. 

The  mean  solar  day  is  the  interval  between  successive 
transits  of  a  fictitious  mean  sun  over  the   same   meridiaa. 
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^ean  solar  time^  usually  called  mean  time  for  any  station  of 
server  and  instant,  is  the  hour-angle  of  mean  sun  at  that 
instant  from  that  meridian. 

The  standard  time  of  any  place  is  the  mean  solar  time  of 

e    nearest   fifteen    degree   meridian    of    longitude  west    of 

recnwich.     To  reduce  local    mean   solar  time  to   standard 

ime  apply  as  a  correction  the  difference  of  longitude  of  the 

lace  and  its  standard  meridian. 

The  equation  of  time  is  the  correction  to  be  applied  to  the 
apparent  time  to  reduce  it  to  mean  time.  It  is  given  in  the 
American  Ephemeris. 

The  i'ivil  day  commences  and  ends  at  midnight.  Its  hours 
counted  from  zero  to  12  between  midnight  and  noon,  ^nd 
rom  zero  to  12  between  noon  and  midnight.  The  astronomic 
day  commences  at  noon  of  the  civil  day  of  the  same  date, 
and  its  hours  are  numbered  from  zero  to 
24,  from  noon  of  one  day  to  noon  of  the 
next.  Civil  time  is  local  mean  solar  time 
based  on  the  civil  day, 

298.   Astronomic   Notation.  —  The 
"olio wing    is   the    notation   employed  in 
astronomic  formulas  and  computations: 
T  =^  civil  time  at  any  place; 
T,  —  sidereal  time  corresponding   to  T 
=  right  ascension  of  the  meri- 
dian of  the  place ; 
7^  =  astronomic  mean  time  correspond- 
ing to  r,; 
/  :^  interval  of  mean  solar  time ; 
^  correction    to    convert    interval   / 

into  mean  time  (Ephemeris,  Table  111); 
f*  =  interval  of  sidereal  time  corresponding  to  /; 
flf,  ^  R.   A,  mean   sun  for  next  preceding   mean    noon    for 
place,  P,  and  date,  /?,, 
=  sidereal  time  of  mean  noon  for  place  and  date; 


Fig.  179. — Latitude, 
DecLt!«A'rioN,  and 
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E  =  equinox; 
/  =  hour-angle  =  diflference    between  sidereal   and  mean 

time; 
A  =.  azimuth  of  star  or  other  celestial  object; 
//  ==  altitude  of  same; 

a  =  R.  A.  =  right  ascension  of  celestial  object; 
0  =  latitude  of  place  =  angle  of  pole  above  horizon; 
6  =  declination  of  celestial  object; 
z  =  its  observed  zenith  distance  =  90°  —  // ; 
r«  =  its  observed  meridional  zenith  distance; 
C  =  its  true  meridional  zenith  distance ; 
p  =  its  polar  distance  =  90°  —  d\ 
^ .=  its  parallactic  angle  or  angle  at  star  between  pole  and 

zenith. 

299.  Fundamental  Astronomic  Formulas. — To  find  alti- 
tude, giv€7i  latitude,  declination,  and  hour-angle  : 

sin  //  =  sin  0  sin  (J  +  cos  0  cos  d  cos  /.   .      .     (96) 

By  means  of  logarithms  and  an  auxiliary  angle  J/,  where 

sin  (J  ==  ;//  sin  J/    and     cos  d  cos  t  z=  m  cos  J/, 

we  have 

sin  //  =  ;;/  cos  (0  —  J/).     .      .      .  (9;) 

To  find  azimuth,  given  latitude,  declination,  and  hour -angle : 


tan  /  cos  M 

tan  A  ^ 

and 


tan  ^  ^  ~ — T-7 Tjr, (98) 

sm  (0  —  M)  ^^ 


sin  / 
~~        cos  0  tan  d(i  —  tan  0  cos  d  cos  /)'     '    ^^ 

Where  a  series  of  observations  are  made,  this  formula  is  sim- 
plified into  the  following  working  form: 
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a  sin  / 

tan  A  =. 7 :• 

I  —  *  cos  /' 

rhere  ^?  =  sec  0  cot  tf ,  and  b  =  tan  0  cot  tf. 

To  find  declination ^  given  altitude  and  azimuth  : 

sin  (f  =  sin  0sin^  —  cos  0cosAcos^;      .     (lOo) 

r,  for  logarithmic  computation, 

sincf  =  f«sin(0~  ^);    .     .     •     .     (lOl) 
r,  having  /, 

tan  tf  =  tan  (0  —  M)  cos  /. 
To  find  hour-angle y  given  altitude  and  azimuth  : 

tan  -^  sin  ^  ^       ^ 

tan  /  = 7— jrj. (102) 

cos  (0  —  M)  ^       ' 

To  find  hour-angle  and  azimuth  in  terms  of  zenith  distance: 

cos  -sr  —  sin  0  sin  d  , 

cos/  = — ^ ;     .     .     .     (103) 

cos  0  COS  o 

-       sin  0  COS  z  —  sin  d  ,       . 

cosyl= -—, .     .     .     .     (104) 

cos  0  sm  ^ 

To  find  hour-angle  and  zenith  distance  of  a  star  at  elonga- 
'on  : 

tan  0  ,       . 

-       COS  6  /.^^v 

sm  ^  = ; (106) 

cos  0 

cos^  =  $4 ('07) 
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To  find  hour -angle  and  azimuth  of  a  star  in  the  horizon  or 
at  time  of  rising  or  setting: 

cos  /  =  —  tan  0  tan  *;....     (io8) 

yf  sin  d  ,       , 

cos -^  = (lOO) 

cos  0  ^ 

To  find  hour-angle^  zenith  distance^  and  paralUutic  angle 
for  transit  of  a  star  across  prime  vertical  : 

.       tan  d  ^       ^ 

cos  /  = -;      .     .     .     .     .     (no) 

tan0'  ^      ' 

sin  tf  .      , 

QOSZzzz- — -; (Ill) 

sin  0 

cos  0  , 

sin?  =—-5 ("2> 

cos  o 

300.  Finding  the  Stars. — The  following  brief  statement 
of  the  positions  of  the  more  prominent  stars  as  referred,  one 
to  the  other,  is  derived  from  Lieutenant  Qualtrough's  **  Sail- 
or's Manual."  The  most  conspicuous  stars  have  been  desig- 
nated by  names,  and  the  stars  in  each  constellation  are  dis- 
tinguished, for  reference,  by  letters  and  numbers.  The  letters 
used  for  this  purpose  are  the  small  letters  of  the  Greek  alpha- 
bet. 

In  finding  any  star  in  the  heavens,  it  is  customary  to  refer 
to  some  one  star  or  constellation  as  known :  The  Great  Bear, 
called  also  by  the  Latin  name  of  Ursa  Major,  in  the  northern 
part  of  the  heavens  and  consisting  of  seven  principal  stars,  is 
the  most  convenient  for  the  purpose. 

The  two  stars  a  and  ft  point  nearly  to  Polaris,  or  the  Pole 
Star,  and  are  hence  called  the  Pointers. 

A  line  from  Polaris  through  r/,  the  last  of  the  tail,  passes 
at  3 1*'  beyond  rj  through  Arcturus,  a  very  bright  star. 
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\  line  from  Polaris  perpendicular  to  the  line  of  the 
Pointers  and  on  the  opposite  side  to  the  Great  Bear  passes  at 
48°  distance  through  taptUa,  one  of  the  brightest  stars. 

In  the  sanne  Une,  about  the  same  distance  on  the  opposite 
side  of  the  Pole,  is  a  Lyr<£^  also  called  Vega  and  Lyra,  a 
large  white  star  in  the  Harp. 

At  one  third  of  the  distance  from  Arcturus  to  a  Lyrae  is 
Alp/iacca,  the  brightest  star  of  a  semicircular  group  called  the 
Northern  Crown. 

About  21^  to  the  eastward  of  a  Lyrae,  and  about  the  same 
distance  as  this  star  is  from  Polaris,  is  ^  Cygni,  the  bright 
star  in  the  Swan. 

[  A  line  from  Polaris  passing  between  this  last  and  a  Lyrae, 
and  produced  to  an  equal  distance  between  them,  passes 
through  a  Aquilce,  or  Aitair^  a  bright  star  between  two  small 
ones. 

II  A  line  from  Polaris  drawn  between  Cafella  and  a  star  close 
to  the  eastward  of  it  passes  to  the  westward  of  the  constella- 
tion Orion,  The  two  northern  stars  of  the  four  at  the  corners 
arc  the  shoulders,  the  northernmost  of  which  is  a  Orionis. 
The  brightest  of  the  two  southern  stars,  the  feet,  is  called 
RigeL  In  the  middle  are  three  stars  forming  the  Belt,  the 
northernmost  of  which  is  nearly  on  the  equator. 
I  About  25**  to  the  northwestward  of  the  Belt,  and  not  far 
out  of  its  line,  is  Aldebaran,  which  may  be  known  by  its  red 
colon 

A  line  from  Aidebaran  through  the  Belt  passe<%  at  about 
20**  on  the  other  side  through  Sirius^  the  brighest  star  in  the 
heavens. 

Sirius,  the  eastern  shoulder,  and  Procyon,  to  the  eastward 
of  Orion  and  northward  of  Sirius,  form  an  equilateral  tri- 
angle. 

Midway  between  the  Great  Bear  and  Orion  are  the  Twins, 
Castor  diXid  Pollux,  the  latter  the  southern  and  brighter,  about 
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4^  apart.  The  line  from  Potaris  to  Procyoo  passes  between 
them. 

A  line  from  Rigel  through  Procyon  passes  at  ao  equal  dis- 
tance beyond  to  the  northward  of  Rigulms* 

A  line  from  Polaris  through  Ursa  Majoris  passes  at  70* 
distance  through  S/ka  Virginis, 

A  line  from  Regulus  through  Spka  passes  at  45^  distance 
through  Ant  ares  ^  a  bright  reddish  star. 

The  line  from  the  Pointers  carried  through  the  Pole  to 
about  75**  beyond  it,  passes  through  Marcah  or  a  Pigasi. 

A  line  from  Polaris  through  Marcab  passes  at  45^  distance 
through  Fomalhaut,  a  very  bright  star. 

Ackernar^  Famalhauty  and  Canopas  are  in  a  line  and  nearly 
equidistant,  being  about  40"^  apart. 

The  Southern  Cross  is  about  as  far  from  the  South  Pole  as 
the  Great  Bear  is  from  the  North  Polc^ — y  is  the  head,  and  a 
the  foot. 

When  some  stars  are  known,  the  rest  are  easily  found  by 
the  times  of  their  meridian  passages  and  their  declinations. 
A  star  may  also  be  identified  by  means  of  its  altitude  or 
azimuth,  computed  approximately. 

301,  Parallax. — The  word  parallax  is  generally  used  to 
designate  the  apparent  displacement  due  to  the  change  in  the 
position  of  the  observer.  As  used  in  referring  to  the  sua  or 
other  celestial  object,  it  is  employed  to  indicate  \\\^  differenee 
of  direction  of  such  object  as  seen  from  the  center  of  the  earth 
and  from  a  station  on  the  surface  of  the  earth.  The  hori* 
sontal  parallax,  or  that  of  the  object  in  the  horizon  of  the 
observer,  is  the  angle  subtended  at  the  sun  by  the  radius  of 
the  earth. 

The  horizontal  parallax  may  be  represented  by  the 
formula 


^ 


p== 


^3in  ,»  =  9"  (approximate). 
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in  which  P  ==  horizontal  parallax  of  the  sun  in  seconds  of  arc ; 
r  =  radius  of  the  earth  ;   and 

d  ==  distance  between  the  center  of  the  earth  and 

the  sun. 

If  it  is  desired  to  know  the  exact  value  of  the  equatorial 

arallax,  which  is  the  parallax  of  a  celestial  object  as  seen  by 

an  observer  at  the  equator,  this  may  be  found  in  the  American 

Ephemeris. 

!k      The  parallax  of  the  sun  at  any  position  above  the  horizon 
may  be  determined  by  the  fonnula 
pa 


/=  PQOS  A, 


Oh) 


in  which/  =  parallax  of  the  sun  at  any  position,  and 

A  =  angle  at  the  earth's  surface  between  the  object 
observed  and  the  horizon. 


~h( 
C 


The  following  tabic  (XLIX),  from  Hayford,  gives  the 
parallax  of  the  sun  for  any  date  and  altitude.  As  the  distance 
of  the  sun  is  nearly  the  same  for  the  same  date  in  different 
years,  this  table  may  be  used  for  any  year, 

302.  Refraction — A  ray  of  light  from  any  celestial  object 
encounters,  as  it  approaches  the  earth,  successive  strata  of  air, 
ch  more  dense  than  the  upper.  In  passing  through  these 
the  ray  is  continually  bent  out  of  the  straight  line  so  as  to 
cause  the  portion  of  its  path  through  the  atmosphere  of  the 
earth  to  be  a  curve.      This  is  refraction. 

Refraction  acts  according  to  the  ioWovflng  general  laws  : 

1 .  When  a  ray  passes  from  a  lighter  to  a  denser  medium  it 
is  refracted  towards  the  normal  to  the  separating  surface  by  an 
amount  which  is  a  function  of  the  angle  betiveen  the  ray  and  the 
normal,  and  of  the  densities  of  the  tioo  media. 

2.  A  plane  containing  a  normal  and  an  original  ray  also 
£4fHtains  a  refracted  ray. 

The  effect  of  refraction  is  noted  directly  in  measuring 
altitudes,  refraction  always  making  the  observed  altitude  too 
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great  (Arts.  166  and  239).  RefiactkMi  las  no  qipaicBt  effect 
on  azimuth.  As  tlie  theory  and  computatioos  of  refraction 
are  comidicatedt  the  topognqdier  is  lefeired  for  the  a^iplication 
of  die  effects  of  refraction  to  the  foUowing  tables,  derived 
from  Hayford. 

Table  L  gives  the  mean  refraction,  J^  under  a  barometric 
pressure  of  29.9  inches  and  temperature  of  50  degrees  Fahren- 
heit. As  mean  refraction  is  a  function  of  the  altitude,  it  must 
be  multiplied  by  a  factor,  Cj,  derived  from  Table  LI,  if  the 
barometric  reading  is  not  29^9  inches.  Finally,  the  mean 
refraction  must  be  multiplied  by  the  factor  Co  (Table  LII) 
where  the  temperature  of  the  observation  station  differs  from 
50  degrees.     Refraction  i?,  as  computed  by  these  tables,  is 

R^RjCfi^^ (115) 
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CHAPTER  XXXII. 
TIME. 

303.  Intcrconvcrsion  of  Time — Sidereal  time  is  referred 
to  a  fixed  star,  mean  time  to  the  sun.  There  is  one  more 
sidereal  than  solar  day  in  the  year. 

366.24  sidereal  days  =  365.24  mean  solar  days. 

24  hrs.  sidereal  time  =  23  hrs.  56  min.  04.091  sec.  mean 
solar  time. 

24  hrs.  mean  time  =  24  hrs.  03  min.  56.555  sec.  sidereal 
time. 

Relations  of  Sidereal,  Civil,  and  Mean  Solar  Time, 

T,  ^  a,'=z  I  when  T,>  a,\ (l  16) 

24**+  7;  —  or,  = /when  r,  <  or,;   ....  (117) 

T,=  a,+  T^; (118) 

T^  =  I  -  CAox  Dr. (119) 

7^=  TforAif  T^<  I2N (120) 

7;.=  :?;-^.: (121) 

r=  7;,  -  i2»*for /?, +  / if  7;,  >  I2\  .     .  (122) 
For  example  see  Article  315. 

Relation  of  Sidereal  Time  to  Right  Ascension  and 
Hour-angle  of  a  Star. 

T,  =  a  +  t (123) 

and  t  =  T,--  a (124) 

Relations  of  Sidereal  and  Mean  Solar  Intervals  of  Time. 
— Let  r  =  ratio  of  tropical  year,  expressed  in  sidereal  day  to 
tropical  year  expressed  in  mean  solar  day ;   then 
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Fig.  180,— Comversion  of  Timr, 

These  conversions  are  made  by  means  of  Tables  LIV  an<i 
LV,  in  which  examples  are  i;hown. 

304.  Ifiterconversion  of  Time  and  Arc* — In  the  perform- 
ance of  geodetic  operations  it  frequently  becomes  necessary 
to  convert  time  into  longitude  expressed  in  degrees  of  arc, 
and  vice  versa.  The  following  tables  facilitate  this  and  sim- 
ilar operations  and  are  for  the  intercon version  of  sidereal  time 
and  parts  of  the  equator  in  degrees  of  arc,  or  of  sidereal  time 
and  terrestrial  longitude  in  arc. 

Table  LVL 
constants  for  the  intercon  version  of  tinfe  and  arc 


1 — 

Logarithms. 

12  hours,  expressed  in  seconds =         43300, 

Complement  to  the  same =  .00002315 

46354837 
5.5645 163 

^A  hiours    e:!c Dressed  in  secunds  ...  * ~~          Sft^i'in 

4*936^37 
5.0634863 

Complement  to  the  same                                 _   .00001157 

360  degrees,  expressed  in  seconds.                     —     139600a. 

6*1136050 

To  convert  sidereal  time  into  mean  solar  time 

9.9^^8126 

iNTERCONl'E/^SION   OF    TIME  AND   AKC. 
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Table  LVII, 

CONVERSION  OF  TIME  INTO  ARC  OR  TERRESTRIAL 
LONGITUDE. 

(Prom  Lec'm  Tablet.) 
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(From  Lce'a  TaWes.) 
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305,  Determination  of  Time,— This   consists   in  finding 

the  correction  to  the  clock,  watch,   or  chronometer   used  to    1 

record  time.                                                                                           1 

Let     T  =  clock  time  of  any  event  at  any  place;               ^M 

^T  —  clock  correction  ;   and                                            ^| 

T^  =  required  corresponding  true  time.     Then        ^M 

T,=  T+JT. (127) 

Clock  correction  may  be  found  by  several  methods,  three 

^^            of  the  best  and  simplest  being  those  given  by  Prof.  R.  S. 
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^p         Table  LIX,— conversion  of  arc  into  time.                ^| 

(From  Santhsoniaa  Geograpblcat  Tabiesj 
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Woodward  in  Smithsonian  Geographical  Tables,  and  they  arc 
reproduced  here  from  that  work.     They  are  • 

1.  By  observing  the  transit  of  a  star,  whose  right  ascen- 
^o\\  is  known,  across  the  meridian. 

2.  By  a  single  observed  altitude  of  a  star,  which  gives  a 
fair  approximate  measure  of  time  for  geographic  purposes. 

3     By  equal  altitudes  of  a  star. 

The  first  is  the  most  accurate  and  is  that  used  m  refined 
work.  It  is  fully  explained  in  Article  308  and  in  connection 
with  determination  of  longitude  (Chap.  XXXV).  The 
second  method,  elaborated  in  Article  306,  requires  a  knowl* 
edge  of  the  latitude  of  the  place,  which  may  be  approximately 
measured  from  a  good  map  or  obtained  by  simple  observa* 
tions  (Art.  316). 

The  third  method  is  an  extension  of  the  preceding*  A 
mean  of  the  times  when  a  star  has  the  same  altitude  east  and 
west  of  the  meridian*  is  the  time  of  meridian  iransit.  With 
an  engineer's  transit  with  telescope  clamped,  this  method 
l^ives  a  good  approximation  to  the  time  correction,  freed  of 
constant  instrumental  errors.  The  same  method  can  be 
satisfactorily  applied  to  the  sun,  using  titheir  engineer  s  transit 
or  sextant  (Arts.  85  and  536).  This  is  done  by  making 
measurements  about  two  hours  before  and  after  noon  of  a 
series  of  altitudes  before  and  after  passage  of  the  meridian, 
and  taking  a  mean  of  the  half-sums  for  time  of  meridian 
transit  (Art.  308). 

306*  Time  by  a  Single  Observed  Altitude  of  a  Star— 
An  approximate  determination  of  time,  often  sufficient  for 
the  purposes  of  the  geographer,  may  be  had  by  observing  the 
altitude  or  zenith  distance  of  a  known  star.  The  method 
requires  also  a  knowledge  of  the  latitude  of  the  place. 

Let     J,  =  the  observed  zenith  distance  of  the  star; 
z  =  the  true  zenith  distance  of  the  star 
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Then  the  hour-angle  /  may  be  computed  by  the  formula 

sin  (cT  —  0)  cos  ((T  —  d) 

tan'  ir  =  ^      ^^    .     ^ T—^      ,     .     (128) 

cos  «r  cos  (cr  —  ^)  \       / 

in  which  (T  =  i(0+  '^  +  ^). 

307-  Approximate  Time  from  Sun, — To  find  approximate 
ime  or  watch  correction,  observe  the  sun  shortly  before  noon 
d,  when  it  reaches  its  highest  point,  note  the  watch  time  of 
observed  greatest  altitude.      This  is  a  quick  method,  giving 
time  within  10  m. 


h 


* 


Example  of  Computatian,  April  16,  tS^S, 

he  instant  of  sun*s  greatest  altitude  occurs  h,    m     s. 

at  apparent  noon.  ..__,,. I20000 

Equation  of  time,  April  16 _      _ —  i7 


True  local  mean  time, 1  ]    59  43 

Watch    time    of  instant    of   sun's    greatest 

altitude, 1    15   30  P.M, 


Watch  correction  .  . . , —    I    I S  47 

Watch  is  therefore  1  h.  16  m.  fast  of  local  mean  time, 
which  is  about  what  it  would  be  if  *'  Pacific  standard**  time 
were  used  in  longitude  136°. 

308.  Time  by  Meridian  Transits. — ^The  time  of  transit 
across  the  meridian  being  observed  of  a  star  whose  right 
ascension  is  known »  we  have 

^T  =  a  —  T. (129) 

Meridian  transits  of  stars  may  be  observed  by  means  of  a 
theodolite  or  transit  instrument  mounted  so  that  its  telescope 
describes  the  mericUan  when  rotated  about  its  horizontal  axis. 
The  meridian  transit  instrument  is  specially  designed  for  this 
purpose*  and  affords  the  most  precise  method  of  determining 
time.     (Fig.  181.) 
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Since  it  is  impossible  to  place  the  telescope  of  such  an 
instrument  exactly  in  the  meridian »  it  is  essentia]  in  precise 
work  to  determine  certain  constants,  which  deBne  this  defect 
of  adjustment,  along  with  the  clock  correction.  These  con- 
stants are  the  azimuth  of  the  telescope  when  in  the  horizon, 
the  inclination  of  the  horizontal  axis  of  the  telescopep  and  the 
error  of  collimation  of  the  telescope. 

Let  a  —  azimuth  constant , 

i  =  inclination  or  level  constant: 
c  =  collimation  constant* 


a  is  considered  plus  when  the  instrument  points  east  ol 
south ;  d  is  plus  when  the  west  end  of  the  rotation  axis  is  the 
higher;  and  c  is  intrinsically  plus  when  the  star  observed 
crosses  the  thread  too  soon  from  lack  of  collimation. 

Also  let 


I 


A  = 


sin  (0  —  6) 
cos  d 


=  the  ** azimuth  factor* 


(130) 


B  = 


cos  (0  — 
cos  6 


=  the  '  *  level  factor  " ; 


(131) 


C  = 


cos  d 


=  the  **  collimation  factor/* 


(132) 


Then,  when  a,  *,  c  are  not  greater  than  10*  each  and 
preferably  as  small  as  l'  each, 

T+^T+Aa  +  Bl^+Cc  +  r{T'-  T.)  =  a.  .     (133) 

This  is  known  as  Mayer  s  formula  for  the  computation  of 
time  from  star  transits. 

The  quantity  Bh  is  generally  observed  directly  with  a 
St  riding- level.  Assuming  it  to  be  known  and  combined  with 
T,  the  above  equation  gives 


AT-\r  Aa-\-C€-^T{T -  T.)  -  a  -  T. 


(i34) 


^g^i^^j^^m^ 


TIME  BY   VARIOUS  METHODS. 
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This  equation  involves /£?ji/r  unknown  quantities,  ^T,  a,  c^ 
and  r;  so  that  in  general  it  will  be  essential  to  observe  at 
least  four  different  stars  in  order  to  get  the  objective  quan- 
tity AT,  Where  great  precision  is  not  needed,  the  effect  of 
the  rate,  for  short  intervals  of  time,  may  be  ignored,  and  the 
coUimation  c  may  be  rendered  insignificant  by  adjustment* 
Then  the  equation  (134)  is  simplified  into 


r 


4T-YAa=.a—  T. 


(«35) 


n 


This  shows  that  observations  of  two  stars  of  different 
declinations  will  suffice  to  g\vt  dT,  Since  the  factor  A  is 
plus  for  stars  south  of  the  zenith  in  north  latitude  and  minus 
for  stars  north  of  the  zenith,  if  stars  be  so  chosen  as  to  make 
the  two  values  of  A  equal  numerically  but  of  opposite  signs» 
iiT'will  result  from  the  mean  of  two  equations  of  the  form 
(135)*  With  good  instrumental  adjustments,  i*e.  b  and  c  small, 
this  simple  form  of  observation  with  a  theodolite  will  give  ^T 
o  the  nearest  second, 

A  still  better  plan  for  approximate  determination  of  time 
is  to  observe  a  pair  of  north  and  south  stars  as  above,  and  then 
reverse  the  telescope  and  observe  another  pair  similarly 
situated,  since  the  remaining  error  of  cotlimation  will  be  partly 
if  not  wholly  eliminated.  Indeed,  a  well-selected  and  well- 
observed  set  of  four  stars  will  give  the  error  of  the  timepiece 
used  within  a  half  second  ov  less.  This  method  is  especially 
available  to  geographers  who  may  desire  such  an  approximate 
value  of  the  timepiece  correction  for  use  in  determining 
azimuth »  It  will  suffice  in  the  application  of  the  method  to 
^et  up  the  theodolite  or  transit  in  the  vertical  plane  of  Polaris, 
which  is  always  close  enough  to  the  meridian.  The  deter- 
mination will  then  proceed  according  to  the  following  pro* 
gramme: 

1.  Observe  time  of  transit  of  a  star  south  of  zenith, 

2.  Observe  time  of  transit  of  a  star  north  of  zenith. 
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Reverse  the  telescope  and 

3.  Observe  time  of  transit  of  a  star  south  of  zenith; 

4.  Observe  time  of  transit  of  a  star  north  of  zenith. 
Each  star  observation  will  give  an   equation  of  the  form 

(134),  and  the  mean  of  the  (our  resulting  equations  is 


JT+a—^-^c^  +  r     ^     ^     ''^  =   ^^"^       ^r.  (136) 


Now  the  coefficient  of  r  in  this  equation  may  be  always 
made  zero  by  taking  for  the  epoch  T,  the  mean  of  the  ob- 
served  limes  T.  Likewise,  2 A  and  2C  may  be  made  small 
by  suitably  selected  stars,  since  two  of  the  A*s  and  C*s  are 
positive  and  two  negative.  The  value  ^^(ot  —  7^  is  thus 
always  a  close  approximation  to  ^7^ for  the  epoch  T^  =  i^*7*r 
when  2A  and  2C  approximate  to  zero.  But  if  these  sums 
are  not  small,  approximate  values  of  a  and  c  may  be  found 
from  the  four  equations  of  the  form  (134),  neglecting  the 
rate,  and  these  substituted  in  the  above  formula  will  give  all 
needful  precision,    ^ 

For  refined  work,  as  in  determining  differences  of  longi- 
tude»  several  groups  of  stars  arc  observed*  half  of  them  with 
the  telescope  in  one  position  and  half  in  the  reverse  position, 
and  the  quantities  /ST,  a,  t\  and  r  arc  computed  by  the 
method  of  least  squares  (Art.  264).  In  such  work  it  is 
always  advantageous  to  select  the  stars  with  a  view  to  mak- 
ing the  sums  of  the  azimuth  and  collimation  coefficients 
approximate  to  zero,  since  this  gives  the  highest  precision 
and  entails  the  simplest  computations. 
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309.  Determination  of  Azimuth. — The  azimuth  of  a  line 
is  the  angle  which  it  makes  with  a  true  north  and  south  line: 
this  angJe  is  measured  from  the  south  around  towards  the 
west.  It  gives  the  initial  direction  from  which  the  direc- 
tions  of  other  lines  in  a  trigonometric  or  traverse  survey  are 
derived.  Azimuth  is  obtained  by  means  of  astronomic  obser- 
k^ations  by  more  or  less  approximate  methods.  For  primary 
^Bfdangulation  or  traverse  such  observations  are  made  by  the 
I  most  accurate  methods,  and  at  intervals  not  greater  than  50 
I  to  75  miles  in  primary  triangulation,  and  not  exceeding  10 
I      miles  in  primary  traverse* 

The  determination  of  the  azimuth  of  a  terrestrial  line 
consists  in  the  measurement  of  an  angle  between  two  vertical 
planes,  one  passing  through  a  terrestrial  mark  called  the  asi- 
muth  mark  and  the  center  of  the  instrument,  and  the  other 
through  an  observed  star  and  the  center  of  the  instrument. 
The  exact  time  at  which  pointing  is  made  upon  the  star  must 
be  noted  by  a  chronometer,  the  error  of  which  is  known,  be- 
cause the  angle  of  the  star  between  these  two  points  is  con* 
tinually  changing.  With  the  aid  of  the  recorded  time,  the 
hour-angle  of  the  star  and  its  azimuth  as  seen  from  the  station 
may  be  computed.  The  measured  hour-angle  at  the  station 
between  the  star  and  the  azimuth  mark  added  to  or  subtracted 
from  the  computed  azimuth  of  the  star  gives  the  azimuth  of 
the  terrestrial  mark  from  the  station. 

310*  Observing  for  Azimuth. — The  instrument  used  in 
making  azimuth  observations  is  a  theodolite  similar  to  that 
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used  in  primary  triangulation  or  traverse  (Art.  241).  Azi- 
muth observations  may  be  made,  however,  for  secondary 
purposes,  as  for  the  reduction  of  transit  traverse  lines  by 
means  of  latitudes  and  departures  with  the  instrument  used 
in  running  the  traverse  (Arts.  90  and  85)*  In  this  case  the 
method  employed  is  similar  to  that  hereafter  described,  but 
is  more  simple  because  the  instruments  employed  are  less 
accurate  and  call,  therefore,  for  less  care  in  their  use  (Art. 
311).  The  observation  for  azimuth  by  astronomic  methods, 
as  those  required  in  the  determination  of  primary  azimuths  of 
a  base  hne  or  in  a  belt  of  triangulation,  consists  in  the  meas* 
urement  of  the  horizontal  angle  between  some  close  circum* 
polar  star,  usually  Polaris,  and  a  terrestrial  mark.  The  latter 
is  generally  a  buirs-eye  lantern  set  at  a  distance  of  at  least 
half  to  one  mile  from  the  observer's  station. 

Since  the  star  is  at  a  much  higher  angle  than  the  terres- 
trial mark,  it  is  necessary  to  measure  the  error  of  level  and  to 
correct  for  it  in  addition  to  carefully  leveling  the  instrument. 
As  a  result  the  value  of  a  division  of  the  level-bubble  must  be 
accurately  known.  Observations  for  azimuth  may  be  made 
at  any  time  of  night,  preferably  near  the  time  of  elongation, 
since  the  star  is  then  moving  most  slowly  in  azimuth  and  any 
error  in  time  has  the  least  effect  in  the  result.  The  error  of 
the  watch  must  be  obtained  by  comparison  with  a  standard  of 
time  and  corrected  for  the  difference  in  longitude  between  the 
observing  station  and  the  meridian  of  such  standard  of  time* 

311.  Approximate  Solar  Azimuth.  —  This  observation 
may  be  made  to  obtain  meridians  in  public-land  surveys  and 
for  similar  approximate  work,  the  only  instrument  required 
being  an  engineer's  transit  in  good  adjustment,  thus  doing 
away  with  the  solar  (Art.  339)  or  other  special  attachments. 

Observations  should  be  made  in  the  morning  and  afternoon* 
the  routine  being  as  follows: 

1.  Point  on  azimuth  mark  and  read  horizontal 

2.  Point  on  sun  with  telescope  direct; 


ntal  circle;      ^1 
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3,  Point  on  sun  with  telescope  inverted; 

4,  Point  on  azimuth  mark  and  read  horizontal  circle. 

To  eliminate  errors  of  collimation  and  of  verticality  and 
horizontality  of  cross-hairs,  two  pointings  on  the  sun  are  made 
thus: 

In  the  morning  observations  the  sun  is  passing  to  the 
ght   and   rising.     Observe    in   upper   left    and    lower    right 
uadrants,  the  contacts  being  on  lower  and  first  limb.     This 
operation  is  so  performed  as  to  facilitate  manipulation  of  tan- 
gent motions  of  the  instrument  and  in  order  that  only  one 
slow  motion  shall  be  used  during  the  observation.     The  hori- 
zontal thread  in  the  first  case  should  be  set  above  the  limb  of  the 
sun  so  that,  as  the  latter  rises,  it  may  be  closely  watched,  and 
just  as  the  sun  moves  off  contact  the  vertical   cross-hair  must 
be  made  tangent  to  the  first  limb  by  the  slow  motion.     In 
the  second  case  the  vertical  cross-hair  may  be  set  just  to  the 
right  of  the  limb  and  slow  motion  made  with  the  vertical 
tangent  screw.     In  the  afternoon  the  routine  is  to  observe  in 
the   upper   right   and    lower   left   quadrants,    the    method   of 
manipulation  being  similar  to  the  above. 
^K       Let  s  =  sun*s  diameter; 
^H  c  =  collimation  error: 

^K  4>  ^  position  of  azimuth  mark; 

^H  a'  =  A'  —  s  —  c  z^  horizontal    angle    between    some 

^H^  fixed    point*    <?»    and    the    sun's 

^^^^  center  in   the   first    observation 

^^^^  with  telescope; 

^^R  a"  =  A*'  -\-  s  —  c  =■  horizontal    angle    between    some 

^^^^B  point,  o^  and  the  sun's  center  on 

^^^^P  the  second  observation  with  the 

^  telescope  inverted; 

^H  A*  =  circle  reading  when  telescope  is  pointed  at  sun's 

^^1  first  limb; 

^^^^^n^'^  :=  circle  reading  when  telescope  is  pointed  at  sun's 
^^K9tf^  second  limb. 


Then 


(<y^  +  d^^) 


=  \{A'  +  A% 


(U7) 
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H'  =    A'  +  J  +  iT; 

H+H''       A'  +  h" 
2         ""        2      • 

Let  *  =  declination  =  i(A  +  0  +/); 
h  =  altitude  corrected  for  refraction ; 
0  =  latitude ; 

/  =  sun's  or  star's  polar  distance ; 
a  =  azimuth  counted  from  the  north. 


Then 


fon    '  »         S^"  (^  -  -*)  «*n  (^  -  ^)  z.^ox 

tan —Of  = 7 -r— .       ,     ,     (i3o) 

2  COS  J  .  cos  (j  —  /)  ^   ^   ' 


Azimuth  Mark. 

Sun,  Horizontal  Circle. 

Ver.  A.             Vcr.  B. 

Ver.  A.              Ver.  B. 

25*"  24'        205*"  23' 

23''  02'          203**  01' 

25     24            205     25 

23     14            203     15 

Mean,  25*  24' 

23*^  08' 

25^24' 

23    08 

Angle  between  mark  and  mean  place  of  sun   2°  16' 

Sun.  Vertical  Circle.  Index. 

8°  37'  +3 

12    47  -  I 


10°  42'  +  I 

+  1 


Altitude 10°  41' 

Refraction —  5   always  negative 


Corrected  altitude.  lo°  36' 

More  pointings  than  two  are  desirable,  and  these  should  be 
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equally  divided  between  the  two  limbs  so  as  to  eliminate  the 
semt-dtameter  of  sun* 

First  find  suns  polar  distance  corresponding  to  approxi- 
mate time  of  observation. 

Date.  April  16,  1898. 
f>proxtmate  time  of  observation  by  watch..  >..        7  h,  is  m*  A.M. 

Watch  correction  (Art.  303) —  I        15 

6       00 
Map  longitude  from  Greenwich  136*  =  ^  hrg.=  -f  8      48  always  positive 
Greenwich  lime,  approximate 15  hours  after  midoigbc 

Subtract      12      *' 
Greenwich  lime  after  noon,  because  declination 

is  given  for  noon * * ,  *        3  p.n. 


Hourly  change  in  declination.  April  16 -j- 

3  h.  X  53"  -  + 
5un*s  declination,    April    16,    Greenwich    noon 

(Almanac) ^ •  • 

Sun  a  declination,  April  16,  3  hours  later, 

Sun's  polar  distance  90*  —  sun's  declination,... 

Sun*5  polar  distance 79*  44' 

Latitude .»..     64   23 

Observed  altitude to   36 

Sum ...*   154  43 

I  sum 77   ^l 

\  sum  —  altitude 66  45 


53" 
159" 


-  +  2'  39" 


+  '0  n  49 


10 
79 


16  28 
44 


i  sum  —  latitude. 12 

r 


log.  sec. 
'*     sin, 
58     **     sin. 


=  0.6596 
s  9.9632 
s  9  3510 


^3 


sec.  =  0.0004 


41 


Check  sum. 154 

Log.  tan.  {  aiimutfa «... - . 

\  azimuth  . . « 44* 

Azimuth, SF 

Angle  between  sun  and  mark % 


09 


2)9^742^ 
9.9871 
[from  north. 


18  always  measured 
x6 


k 


Aximuch  of  mark  {east  of  north). 90*  34' 

Another  and  quite  simple   formyla   for  determining  the 

meridian  by  a  single  solar  observation  is  given  by  Mr.  W, 

Newbrough  and  is  as  follows: 


Cos  Ja 


-W- 


cos  5  cos  {S  —  p) 

cos  ip  cos  h 

where  ^  —  sun's  azimuth  measured  from  north; 
/  =  sun's  polar  distance  or  codeclination ; 
//  =  sun's  altitude  minus  correction  for  refraction; 


(139) 
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S  =  half  the  sum  of  polar  distance,  latitude^  and  true 

azimuth;  and 
€b  :x  latitude  of  place  of  observation* 

312.  Azimuths  of  Secondary  Accuracy. — In  observmg 
an  azimuth  on  a  primary  traverse*  less  cane  and  accuracy  are 
required  than  in  observing  a  primary^  azimuth  in  triangulatton* 
The  following  procedure  illustrates  the  observing  and  com- 
puting of  such  a  secondary  asimuth.  The  instrument  is  cen* 
tered  over  any  station  on  the  traverse  line,  and  the  azimuth 
mark  placed  at  the  next  station.  This  should  be  at  least  1500 
feet  from  the  instrument,  and  may  be  a  narrow  slit  in  a  box 
containing  a  light*  or  the  small  colored  light  on  the  side  of  a 
bicycle-lamp  carefully  centered  over  the  station.  The  error 
of  a  good  watch  should  be  known  by  comparison  with 
telegraph  time  signal,  which  is  sent  over  all  Western  Union 
lines  once  every  day. 

The  angle  is  then  measured  between  the  azimuth  mark 
and  Polaris,  making  at  least  six  pointings  at  both  mark  and 
star,  three  with  telescope  direct  and  three  with  telescope  re- 
versed, and  at  each  star  pointing  the  time  is  noted  to  nearest 
second.    Then  the  reduction  is  made  in  the  following  manner 

EXAMPLE. 


Latitude  34*  32'  (to  nearest  mintiie);  longitude  93'  35*. 
(Geo.  T.  Hawkins.  Observer  and  Computer.) 
AEimutti  observation  at  Benton,  Ark.«  October  8.  1898,     Betweeq  in- 
strument traverse  ttaiions  106  and  107.    Instrument  at  sta.  107,  mark  at  sia. 
J06.    90'' meridian  time  by  watch,  which  was  compared  with  Westero  Union 
time  at  10  o'clock  to-day  and  found  to  be  i.o  minute  slow  (Arts.  230 aod  354). 

T iuw  by  waich,* —  .....*    7*    10^    49"       =  mean  tiae  of  «  pcnntioe* on  Polans. 

Correctioa  of  watch H-^       00 


. 


Corrtction  for  loogituile  . 


=  go"  meridian  time  of  obKrvauoo, 
=  a«tr.  k>ail  mean  lime  obftervation. 


47 


*1 
06 


Upper  culmlaalioa,  subtract...  —  It     14       06 
Hour-angk  Polaris  at  obscrvatioo  iB 

Subtract  from , sj 

Time  argument     . . ^     08       43 

At imuth  of  Polaris  at  observatton  iTable  LXV). ...  ■*  sf  ir' 

ArrIc  ai  sta.  106  be  I.  lU.  ser  and  Polana  (mean  of  6  readlflfft) 

AtJinuih  from  sta.  107  to  »ia,  106  ..,.,*..., ♦*♦.*....!.«*  «~»«I*  jo"  ly'* 


U.  C.  Polaris  Oct,  I  (TaWe  LXIIJ).  xt  jf.y 
Reduction  to  Oct.  7  (Table  LXJV)..  •  ayfi 

U.  C.  Polaris,  Oct,  7-.-  ......  .  u  \%a 

or  lii'rff'tr^ 


Aaimuth  from  1 


\  Ic  sta.  107  . 


44*  W  n" 
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The  annexed  diagram  (Fig.  i8oa)  will  show  in  their  proper 
relation  the  various  aspects  of  Polaris  in  its  daily  apparent  motion 
around  the  north-polar  point. 

This  must  be  carefully  studied,  as  the  illustration  of  Table  LX, 
for  finding  at  any  hour  the  hour-angle  and  azimuth  of  Polaris, 


// 


A'?" 


W.  elf>09«  I 


^ 


'£.  elong. 


Fig.  i8cki. — Aspects  of  Polaris. 


and  the  resulting  meridian,  at  times  when  more  direct  methods 
are  not  available. 

In  Fig.  i8oa  the  full  vertical  line  represents  a  portion  of 
the  meridian  passing  through  the  Zenith  Z  (the  point  directly 
overhead),  and  intersecting  the  northern  horizon  at  the  north 
point  N,  from  which,  for  surveying  purposes,  the  azimuths  of 
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Polaris  are  reckoned  east  or  west.  The  meridian  is  pointed 
out  by  the  plumVline  when  it  is  in  the  same  phiir  with  the  eye 
of  the  observer  and  Polaris  on  the  meridian,  and  a  %isual  repre* 
sentalion  is  also  seen  in  the  vertical  wire  of  the  truisit,  when  it 
covers  the  star  on  the  meridiatL 

When  Polaris  crosses  the  meridian  it  is  said  to  culminate;  above 
the  pole  (at  5)  the  passage  is  called  the  upper  ctilminatiofi,  in 
contradistinction  to  the  lower  culmination  (at  y). 

In  the  diagram— which  the  surveyor  may  better  understand 
by  holding  it  up  perpendicular  to  the  line  of  sight  when  he  looks 
toward  the  pole — Polaris  is  supposed  to  be  on  the  meridiaii, 
where  it  will  be  about  noon  on  April  lo  of  each  year.  The  star 
appears  to  rc\*olve  around  the  pole,  in  the  direction  of  the  arrows, 
once  in  every  23**  56™.!  of  mean  polar  time;  it  consequently 
comes  to  and  crosses  the  meridian,  or  culminates,  nearly  four 
minutes  earlier  each  successive  day.  The  apparent  motion  of 
the  star  being  uniform,  one  quarter  of  the  circle  will  (omitting 
fractions)  be  described  in  5^  sq"*,  one  half  in  ii*>  58",  and  three 
quarters  in  i7*>  57".  For  the  positions  Sx,  %^,  1%,  etc-,  the  angles 
SFsu  SPsQy  5/*53,  etc.,  are  called  hour-angles  of  Polaris,  for  the 
instant  the  star  is  at  5i,  52,  or  53,  etc.,  and  they  are  measured 
by  the  arcs  55i,  5^2,  55^,  etc.,  expressed  (in  these  instructions)  in 
mean  solar  (common  clock)  lime,  and  are  always  counted  fmm  the 
upper  meridian  (at  5),  to  the  west,  around  the  circle  from  o**  o°* 
to  23**  56'°. I,  and  may  have  any  value  between  the  limits  named. 
The  hour-angles,  measured  by  the  arcs  Ssi^  S^a,  S53,  5^4,  5^5,  and 
Ss(i,  are  approximately  i*»  8™,  5**  55*",  9**  4™,  14'*  52*^  i8*»  01", 
and  22**  48™,  respectively;  their  extent  is  also  indicated  graphic- 
ally by  broken  fractional  circles  about  the  pole. 

Suppose  the  star  observed  at  the  point  ^3;  the  lime  it  was 
at  5  (the  time  of  upper  culmination),  taken  from  the  lime  of 
observation,  will  leave  the  *arc  ^53,  or  the  hour-angle  at  the 
instant  of  obser\'ation;  similar  relations  will  obtain  when  the 
star  is  obser\  ed  in  any  other  position ;  therefore,  in  general  • 

Subtract  the  time  0}  upper  culmination  from  the  carrect  heat 
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mtan  lime  o\  observaiion;    the   remainder  will  be  llu  hour -angle 
cj  Polaris  expressed  in  lime,  or  Ihe  ^'argument  for  Table  LXIV,** 
The  observ^ation  may  be  made  at  any  instant  when  Polarb 
visible,  the  exact  lime  being  carefully  noted. 


Table  LX. 


(From  Magnetic  Declination  Tables,  U.  S.  Coast  and  Geodetic  Survey.     Com* 
puted  for  latitude  40®  north  and  longitude  90*  or  6*»  west  of  Greenwich,) 


Dftte. 


1903 

January  t 

January  15 

February  i, , ,  . . . 

February  15 

March  i 

March  15., . . .  ,• . 
April  I. , . .. ..... 

ri5 •• 
,  I 

^ayi5 

June  I 

June  15 

J^fyi 

J^^yn 

August  I. .  ...... 

August  rs 

September  r. .  . . . 
September  15. ,  . . 

October  i 

October  15. . .  • . . 
November  i. . .  ,. 
November  15. . .  . 

December  i 

December  15 


£ast 
Blongatton. 


45  8 

ITT 

39-5 

49  o 

54.0 
47-0 

53.0 

49' I 
54.3 

47o 
52,6 
50.0 

55  I 
4B.6 

53-7 
47.1 
53.2 

49-3 
54-3 
47-5 
52-3 
49*3 
54'0 


Ui>per  Cul- 


6     40 . 6 

45  3 
3^  3 
42 '9 

47-7 
5* '7 
45^ 


46.7 
43.8 

48.9 
42.3 
47-4 
44  8 

49.9 
43-4 
48  5 
41.9 
470 
44-1 
49-1 
43.3 
47- 1 
44  I 
4S.S 


Elongation. 


3S^3 
4Q,o 

32.9 

37 
42 
4 

40 

45 
42 
4 

40 
46 
43 


44*6 
38^0 
43- » 

41 .6 
38-7 
43*7 
36-9 
41.8 
38.8 
43-6 


I>:>i*'er  Cut' 
mifiatioti. 


r8 

17 
16 

»5 
14 

»3 
12 

ir 

10 
Q 
8 

7 
6 


38.7 
43  4 

410 

45-8 

50  7 

43 

48 

45 

50 

44 

49 
46 
5t  8 

45  3 
50.4 

438 

48-9 

46  0 


^3  47'^ 

22  40.4 

21  45.2 

19  46.9 
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A.  To  refer  the  above  lobular  quanHties  lo  years  smbseqMaii  lo 
Jif02: 


Forjear  1903  add            1.4  mim 

ites. 

'       vptoMaidi  I 

1905  add            0.2        ' 

1906  "              IS' 

1907    •*              2.9 

•        up  to  March  i 

'       OQ  and  after  Maxcfa  x 

1909  "            1.7 

1910  **            3.0 

B.  To  refer  to  any  calendar  day  other  than  the  first  and  fifteenth 
of  each  month:  Subtract  the  quantities  below  from  the  tabular 
quantity  for  the  preceding  date. 

Table  LXi. 


Number 

1 

Number 

Day  of  Month. 

Minutes. 

0!  Days 
Elapsed. 

Day  of  Month. 

Minutes. 

^"Says 
Elapsed. 

2  or  16 

3-9 

I 

10  or  24 

35-5 

9 

3       17 

2-9 

2 

11       25 

39-4 

ID 

4       18 

II. 8 

3 

12       26 

43-3 

II 

5       19 

15.8 

4 

13       27 

47.3 

12 

6       20 

19.7 

5 

14       28 

51.2 

13 

7       21 

23-6 

6 

29 

55-2 

14 

8       22 

27.6 

/ 

30 

59.1 

15 

9       23 

31.5 

8 

31 

63.0 

■' 

C.  To  refer  the  table  to  standard  time:  Add  to  the  tabular 
quantities  four  minutes  for  every  degree  of  longitude  the  place 
is  west  of  the  standard  meridian,  and  subtract  when  the  place 
is  east  of  the  standard  meridian. 
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Table  LXII. 
azimuths  of  polaris  at  elongation. 

Between  1900  and  igio  and  Latitudes  25*  and  75*  North. 
(Prom  U.  S.  Land  Survey  Muiual.) 


r 

Latitude. 

IQOJ, 

too6. 

10«7* 

r^oS,       1 

tOoo. 

1910. 

0 

9           # 

0 

0       ^ 

0       r 

0       # 

0      9 

JO 

I     93*1 

I    22.8 

1   22.4 

I   22.1 

I   21,7 

I  ai.5 

J' 

14.0 

nt 

23.2 

22.9 

22.5 

22.2 

3* 

34*9 

a4  5 

94-1 

23-8 

23  4 

23- 1 

J3 

25.9 

35'5 

25    I 

24^7 

n-3 

24.0 

■i   '' 

26.9 

96,5 

26,1 

25.7 

25  3 

25.0 

P'      35 

I  27.9 

I  27.5 

I   27.1 

1   26.8 

I  26,4 

I  26.0 

36 

39.0 

28,6 

28,2 

27.9 

27.5 

27.1 

^Z 

ja,i 

29,7 

^9-3 

29.0 

28.6 

28.2 

38 

3»'4 
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Table  LXII  was  computed  \\ith  the  mean  place  (decima- 
tion) of  Polaris  for  each  year.  A  closer  result  will  be  had  by 
applying  to  the  tabular  results  the  correction  from  Table  LXIII, 
which  depends  upon  the  difference  of  the  mean  and  the  apparent 
declinations  of  the  star. 

Table  LXIV  will  be  used  as  follows:  Find  the  hours  of  the 
time  argument  in  the  left-hand  column  of  either  page;  then, 
between  the  hea\y  lines  which  inclose  the  hours,  find  the  mtni^/et 
in  the  column  marked  at  the  top  with  the  current  year.  On 
the  same  horizontal  line  wnth  the  minutes  the  azimuth  will  be 
found  under  the  given  latitude,  which  is  marked  at  the  top  of 
the  right-hand  half  of  each  page.  Thus,  for  1904,  time  argument 
o"*  43°*,  latitude  36*^,  find  o**  on  left-hand  page,  and  under  1904 
find  43°*  on  tenth  line  from  the  top,  and  on  same  line  with  the 
minutes,  under  latitude  36*^,  is  the  azimuth  o**  if.  For  1908, 
time  argument  9**  3;^^"^ ,  latitude  48°,  the  azimuth  is  1®  ij',  found 
on  the  twent}'-first  line  from  the  top  of  right-hand  page. 

If  ihe  exact  time  argument  is  not  found  in  the  table,  the 
azimuth  should  be  proportioned  to  the  difference  between  the 
given  and  tabular  values  of  said  argument. 


PRIMARY  AZIMUTHS. 

3x3.  Primary  Azimuths.— 
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EXAMPLE   OF   RECORD   OF   AZIMUTH   OBSERVATION   AT  ANY 
POSITION   OF  STAR. 

(Station :  West  base,  near  Little  Rock.  Ark.    Fauth  8",  thf^d.  No.  300.    December  97,  t888. 
t  diT.  micr.  =  a".    1  du.  level  =  3".) 


Object. 


Polaris    

E.  base  (mark) 
E.  base  (mark) 
Holans 

Polaris 

E.  base  (mark) 
E.  base  (mark). 
Polaris 


Time 

P.M. 


A.  m. 
II  00  18 


11  17  14 


II  a6  33 


Level. 


West   East 

end.    end. 


Div. 

»3  9 
50.5 


Div. 
47. « 


64.4      57-3 
+  7« 


50.4      10.3 
13.8      46.5 


64. a      56.8 
+  7.4 


50  5 

13   9 


63.4 


10. 1 
46.6 


6.7 


46.3 
10.5 


»4.3 
50.1 


64.4       56.8 
+  7.6 


Micrometer. 


A. 


Telescope  direct. 


•     '  Div. 
346  00  14.8 


loi  33  18 
loi  33  19.8 
345  58  aa.o 


«  '  Div 
165  58  35.1 


a8i  31  3t.8 
381  31  19.7 
165  57  o«  4 


Telescope  reverse. 
311  a8  39.0     31  97  23.4 


337  05  06.7 
327  04  36.3 
311  37  10.7 


147  03  09.5 
147  03  00.6 
31  26  C7.4 


Mean. 


345  59  39.9 


loi  33  09.9 
loi  33  09.5 
345  57  53-4 


ail  38  33.4 


337  04  X6.3 
3*7  03  56.9 
ail  36  48.x 


Anifle. 


115  3a  30.0 


I  "5  34  «6.i 


"5  35  53.8 


115  37  08.8 


SUMMARY  OF  RESULTS. 
(Station:  West  base,  Arkansas.    December  37,  1888.) 


Individual  Results. 

Combined 
Results. 

Individual  Results. 

Combined 
Results. 

First       ^ 
set  — 

3|:^}....oR. 

a       /         // 

38.80 

J 

39-38 

Second 
set....  "^ 

Grand 

fo:5[33.6oR. 

JS:2}33..5D. 

mean 

0     /      // 

1 

j-             38.75 

1-             40.10 

] 

a94  >o  39.«6 
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314.  Reduction  of  Azimuth  Observations* — The  time  of 
observation  of  a  star  is  first  to  be  corrected  for  the  diflcrence 
in  longitude,  assuming  that  standard  time  has  been  used,  and 
for  the  error  of  the  watch.  It  is  then  reduced  from  mean  to 
sidereal  time.  From  the  sidereal  time  of  observation  is  to  be 
subtracted  the  right  ascension  of  Polaris.  If  that  star  is  used, 
which  is  given  in  the  Nautical  Almanac,  the  result  being  the 
hour*angle  or  the  sidereal  time  which  has  elapsed  since  it 
passed  the  meridian  of  the  place  of  observation,  given  in 
hours,  minutes,  and  seconds.  This  result  is  to  be  converted 
into  degrees,  minutes,  and  seconds.     Then 


tan  A  —  — 


a  sin  / 
I  —  b  cos  f 


(140) 


where  a  =  sec  0  cot  tf ; 


*  = 


tan  0 

tan  tf  • 


A  =  angle  between  true  north  and  the  star. 

The  angle  between  the  star  and  the  mark  is  to  be  corrected 

for  level  as  follows : 

level  corr.  == (le/  +  w')  —  (^  -f  /)     tan  A,        (14I 

where  d  =  value  of  a  division  of  the  level ; 
zu  -j-  w'  =  readings  of  west  end  of  level-bubble; 
f  -\-  e'  =  readings  of  east  end  of  level-bubble; 
A  =  the  angular  elevation  of  pole-star. 
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AZIMUTH  AT  ELONGATION.  721 

EXAMPLE  OF  REDUCTION. 

(Station  :  West  base  ;  December  27,  1888.     Observer,  S.  S.  G.) 
Latitude  =  34*  45'  26".8.     Longitude  92*  13'  3i".5. 

Time  of  observation  =  TW =  1 1*>  00"  i8» 

Correction;  ninetieth  meridian  time  to  92*.2i5.  =  —     8    54 
Watch  slow;  ninetieth  meridian  time -|-  02 

Local  mean  time,  7*M =  10   51    26 

Correction;  mean  to  sidereal  time. ..« =       -fi    47 

Right  ascension  mean  sun 18    26    36 

Sidereal  time  of  observation =29   19    49 

R.A.Polaris —    i    18    25 

Hour-angle,/ =28   01    24 

-  24 

/  (time)  =    4'»  oi"  24* 
/  (arc)     =  6o'  21'  oc 

.  o  sin  /  .  ^         *     z       tan  tp 

tan  A  ^ ; ,  where  a  =  sec  0<q\  o^   b  — ^ 

I  —  ^  cos  /  tan  5 

0  =  34*45'  26".8  log  sec  =  0.0853539  log  tan  =  9.8413076 

6   =  88  43  II. 9  log  cot  =  8.3491690  log  tan  =  i. 6508310 

log  a  =  8.4345229  log  b  =  8.1904766 

log  sint  /  60"  21' 00"     =  9  9390515  log  cos  /  =  9.6943423 

log  a  sin  /  =  8.3735744         log  —  .0076704       =  7.8848189 

log  (I  —  ^  cos  i)  =  99966559         -f      1. 0000000 

log  tan  A  178"  38'  08  ".o  =  8.3769185  0.9923296        =  i  —  ^  cos  / 

angle  to  mark -f  115  32  30.  o 

Level  corr.                       -3-8  =  -  -jw  +  w')  -{e  -f  €')\  tan  h, 
4 

3".  I  Div 

Az.  of  mark     =  294"  io'34".2  =  ~ —      X  X  .694  =  —  3".8 

4  7' 

315.  Azimuth  at  Elongation. — When  observations  for 
azinriuth  are  to  be  made  at  elongation,  it  is  necessary  to  know 
the  mean  time  of  elongation.  This  is  computed  by  obtaining 
the  hour-angle  at  elongation  from  the  following  equation : 

cos  i^  =  tan  0  cot  6 (142) 

The  hour-angle  plus  the  right  ascension  of  the  star  gives 
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the  sidereal  time  of  its  western  elongation,  which,  reduced  to 
mean  time,  gives  the  local  mean  time  in  question. 

The  azimuth  of  a  pole-star  at  elongation  is  determined  by 
the  use  of  the  equation 

sin  A  ^  sec  0  cos  ^ (i4j'» 


EXAMPLE  OF   COMPUTATION  OF  THE  AZIMUTH   AT  ELONGA* 
TIOK.  ANDTHE  LOCAL  MEAK   TIMES  OF  BOTH   ELONGATIONS 

OF  POLARIS, 

(Latitude  =  0  —  40*.     Meridian  of  WasbingtOQ.     Kovember  iS,  1S91J 

Sine,  Azimuth  at  elongation  =  »ec»  0  cos  6. 
log  sec  40'  =    a  1 1  s  7460 

log  cos  d  S5    44'o5"-5  =    8.3439803 


log  sine  ^  i    39  05.  8  =    8.4597263 

cos  hoar-angle  ai  elongation,  tt^  =ian^coi4 
log  tan  40*  =    9.9238135 

log  cot  6  88*  4|'  05*. 5  ^    8.3440S62 

log  cos  U  88    5^   17-  5  =    8,2678997 

**^  5^  55- 45' 2* 

Sidereal  time  western  elongation*  T»  =  R,  A.  Polaris  -h  f*, 

R,  A.  Polaris -  \^  19"  35.2' 

'#  =  5    55    45-2 


Sidereal  time  western  elongation.  7V=     7    15    20,4 
R.  A«  mean  sun.  di ..,..*:si6   29    14.4 


Sidereal  internal  before  noon »  y,...*  =    9    15    54.0 
Correction  sidereal  to  mean  interval  ^       —  i    30.7 


Mean  inter%*al  before  noon ,.    9    12    23,3  Nov',  id. 

Local  mean  time,  western  elongation  =     3   47    3^.7   a.m,»  Nov,  3$, 
Sidereal  time  E,  elongation  =  24*1- a  —  /#=  19^  23*'  5o.0* 

«t«s  16    29    14.4 

Sidereal  interval  after  noon,  / ,*...=     2    54    35.6 

Correction  sidereal  to  mean  interral....  =      —  o    28.6 


Local  mean  time  eastern  elongation =    2    54    07»o   p.if..  Nov.  28. 

Local  mean  time  western  elongation  —  =    2    47    36,7   a.m.,  Nov.  28. 

For  longitudes  west  of  Washington  decrease  times  of  elotigation  o^.b6 
for  each  degree. 
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CHAPTER    XXXIV. 

LATITUDE. 

316.  Methods  of  Determining  Latitude. — i.  The  most 
precise  method  known  for  determination  of  a  terrestrial  lati- 
tude is  by  measuring  small  differences  of  zenith  distances  of  two 
stars  with  zenith  telescope.     (Art.  319.) 

2.  The  simplest  method  is  by  measuring  the  meridian 
zenith  distance  or  altitude  of  a  known  star,  though  the  result 
is  relatively  approximate  only.  It  is  only  essential  to  follow 
a  star  near  meridian  until  its  altitude  is  greatest.  The  for- 
mula is 

z  =  z,  +  R, 
and 

<p  =  6±z, (144) 

sign  of  z  depending  on  whether  the  star  is   north  or  south  of 
the  zenith. 

3.  If  the  time  be  k?tow7i,  latitude  may  be  determined  by  a 
single  measured  altitude  of  the  sun  or  a  star.  (Art.  318.)  This 
method  gives  fairly  approximate  results  when  time  is  known 
by  a  chronometer  or  watch  to  within  two  or  three  seconds, 
and  is  very  useful  in  exploratory  work. 

4.  Time  being  known,  latitude  may  be  simply  and  quite 
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accurately  determined  by  measuring  circummeridian  aitiimdis 
of  Polaris ;  this  consists  in  applying  the  third  method  to 
Polaris.     Then 

0  =  A  —  /  cos  /  +  i/  sin  r\  sin*  /  ,  tan  A,     ,     (145) 

in  which/  =  polar  distance  of  Polaris  or  complement  of  ^  in 
seconds,  which  is  about  5400''.  Tables  for  finding  /  and 
\p^  sin  i"  are  given  in  the  American  Ephemeris.  The  best 
time  of  observation  is  when  the  star  is  at  one  of  the  culmina- 
tions. This  method  is  especially  adapted  to  the  instruntienls 
available  to  the  topographer,  namely,  a  good  theodolite  or 
engineer's  transit  and  a  good  timepiece. 

5,  Approximate  latitude  may  be  determined  from  an  ob- 
servation on  the  sun  at  noon,  (Art.  317*)  This  is  a  vcrj^  useful 
method  for  the  explorer  or  land  surveyor. 

317.  Approximate  Solar  Latitude The  following  is  a 

method  of  obtaining  the  approximate  latitude  from  an  obser- 
vation on  the  sun  at  noon: 

Measure  two  altitudes,  one  of  the  upper  and  the  other  of 
the  lower  limb  of  the  sun,  commencing  before  noon  and  watch- 
ing until  the  sun  has  reached  its  highest  altitude.  In  order  to 
eliminate  errors  of  collimation,  these  two  obser\'ations  should 
be  made  on  each  limb  with  the  telescope  direct  and  inverted. 

Let  r  =  refraction ; 

h  =  altitude  of  sun's  center; 

0  =  latitude; 

d  ^  sun's  declination  at  time  of  observation. 

The  declination  is  taken  from  the  Nautical  Almanac  for 
the  date  of  observation,  and  increased  or  diminished  by  the 
hourly  difference  multiplied  by  the  longitude  from  the  locus 
of  the  almanaCt  expressed  in  hours.     Then 


0  =  90*=*  ^  (A  —  r  —  S), 


{146) 


LATITUDE  FROM  AN  OBSERVED   ALTITCDE.        7?5 


EXAMPLE, 
April  i6,  1898.     Approjciniale  longitude  136*  ao',  measured  from  map. 

Vertical  circle  reads,  when  pointing  at  son's  upper  limb. 36*55' 

_ye-riical  circle  reads,  when  poinling  at  sun's  lower  limb 36    23 

Mean 36*  39* 

lean  correctioa  for  index  error —  t' 


Apparent  altitude 36"  38* 

^      Refraction,  always  negative,  enter  table  with  arguments  appar- 

^K        cntly  negative —  i'' 

^B  Altitude  of  sun's  center .*.  .       36*  yf 

^^Bun's  declination,  April  r6 — Greenwich  noon;  from  almanac    ,  . .  ^10*  14' 
^Hbourly  change   from   almanac  =  53",  multiply  by  longitude  and 
^H^      divide  by  15: 

r 


15  ^'-^ 


8' 


Altitude  of  celestial  equator * .  * .       26**  15' 

Subtract  from  90*  gives  latitude...  ,...•.. 63*  45' 

A  result  to  be  relied  upon  within  i'  or  i\  supposing  the  vertical  circle  and 

collimation  correct  to  within  the  same  amount. 


31&  Latitude  from  an  Observed  Altitude. — Latitude 
may  be  determined  at  sea  or  on  an  exploratory  survey  by 
measuring  the  altitude  of  a  star  or  of  the  sun  with  a  sextant, 
theodolite,  or  altazimuth.  For  this  operation  the  time  must 
be  known,  though  the  object  observed  may  be  in  any  position. 
The  formula  applicable  is 


tan  D  =  tan  6  sec  /, 


(147) 


cos  {fp  —  /?)  =  sin  A  sin  I>  coscc  6, 


(148) 


which  f^  =  declination  of  star ; 
/  s  hour  angle  of  star; 

^=  auxiliary  angle  taken  to  simplify  computation — 
it  should  be  less  than  90**  and  -f-  or  —  accord- 
ing to  algebraic  sign  of  the  tangent ; 
A  =  altitude  resulting  from  measurement  after  apply- 
ing alt  corrections. 
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Although  0  —  Z?  may  be  positive  or  negative,  the  latitude 
of  the  place  <t>  is  generally  known  with  sufficient  accuracy  to 
decide  this. 

The  altitude  h  must  be  corrected  for  instrumental  errors 
(Arts.  323  and  324),  refraction  (Arts.  322  and  325).  and,  in 
the  case  of  the  sun,  for  parallax  and  semi-diameter  (Art,  30 1). 

319.  Astronomic  Transit  and  Zenith  Telescope. — For 
the  determinations  of  time  and  latitude  separate  transit  instru- 
ments and  zenith  telescopes  are  sometimes  employed.  The 
astronomic  transit  is  designed  primarily  for  the  determination 
of  time  when  the  telescope  is  in  the  plane  of  the  meridian. 
Its  essentia!  parts  are  a  telescope,  an  axis  of  revolution  at  right 
angles  to  the  telescope,  the  supports  for  both,  and  a  striding- 
level  for  the  determination  of  the  inclination  of  the  axis.  A 
zenith  telescope  is  a  somewhat  differently  constructed  instru- 
ment provided  with  a  large  vertical  circle  and  delicate  level, 
and  with  a  horizontal  circle  which  turns  with  the  upper  part 
of  the  instrument  much  as  does  a  theodolite. 

The  most  compact  and  useful  instrument  for  determination 
of  both  latitude  and  time  is  a  combimitum  transit  and  zemth 
telescope^  such  as  is  used  by  the  U.  S*  Geological  Survey  ^Ffg. 
181).  This  embodies  the  latest  improvements  in  both  instru- 
ments. It  consists  of  a  circular  base  resting  upon  three  level- 
ing screws,  and  upon  this  base  the  whole  instrument  may  re* 
volve  when  in  use  as  a  zenith  telescope.  About  the  base  is  a 
large  graduated  circle,  provided  with  micrometer  screw  for 
slow  motion  to  be  used  in  setting  the  instrument  and  in  ad- 
justing it  in  azimuth.  The  telescope  of  the  above  instrument 
has  a  focal  distance  of  27  inches,  a  clear  aperture  of  2,5  inches. 
and  its  magnifying  power  with  diagonal  eyepiece  is  74  diam- 
eters. For  use  as  a  zenith  telescope  there  is  attached  a  verti* 
cal  circle  reading  by  vernier  to  2o'\  to  which  is  fastened  a 
delicate  level.  In  the  focus  of  the  object-glass  is  a  thread 
movable  by  means  of  a  micrometer  screw  for  the  measurement 
of  differences  of  zenith  distances. 


^fAlr/^ONOM/C  THANSJT  AND   ZENITH  TELESCOPE.     7^7            ^| 

T 

■i 

'  1 

^^H  ^'^^l 

W 

1  1 ' ''  ^' 

j 

■1  \ 

^    1 

Iv'f 

B 

1 

1 

_^-^s^er^^^^adg 

I 

■^!==—    '■                   _^S8^ 

1         1 

p^-iC^ 

1 

^'"•""■■■"■" ' " ~  1 
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For  use  as  a  transit  the  telescope  U  provided  with  a  del- 
icate striding-level  for  measurement  of  inclination  of  the  axis, 
and  a  reversing  apparatus  for  turning  the  telescope  in  the 
wyes.  The  stationar>-  reticule  in  the  focus  of  the  instrument 
consists  of  five  threads  for  obser\*ing  as  many  transits  of  the 
star.  The  reticule  is  illuminated  by  lamps,  the  light  of  which 
enters  the  hollow  axis  of  the  telescope  and  is  reflected  by 
a  mirror  into  the  eye. 

320.  Latitude  by  Differences  of  Zenith  Distances  of 
Two  Stars. — The  scnith  distafue  of  a  star  on  the  meridian 
is  the  difference  between  the  latitude  of  the  station  of  ob- 
servation and  the  declination  of  the  star;  therefore  the  meas- 
urement of  the  meridional  zenith  distance  of  a  known  star 
furnishes  a  determination  of  the  latitude.  The  most  accurate 
method  of  determining  the  latitude  of  a  place,  and  that  gener- 
ally enriployed  in  geodetic  operations,  is  that  known  as  the 
Horrebow-Talcott  method.  In  this,  instead  of  the  measure- 
ment of  the  absolute  zenith  distance  of  the  star^  the  small 
difference  of  zenith  distances  of  two  stars  culminating  at 
about  the  same  time  on  opposite  sides  of  the  zenith  15  meas- 
ured.    Then 

^  =  0  —  <J     and 
^'  =  (5'  —  0,     hence 


0  =  i(^  +  <y')  +  }(^^^'), 


{'49) 


This  method  therefore  requires  that  the  difference  (.5  —  -$) 
be  measured.  The  stars  must  be  so  chosen  that  {s  —  #')  may 
be  measured  by  means  of  the  micrometer  in  the  telescope,  A 
measurement  of  the  latitude  within  5"  is  possible  by  this 
method  with  a  theodolite  having  full  vertical  circle.  If  now 
z  refer  to  the  northern  star,  (z  —  s')  in  terms  of  the  observed 
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micrometer  readings  becomes  {M  —  M')r,  in  which  r  is  the 
angular  value  of  one  turn  of  the  micrometer  screw, 

321.    Errors  and    Precision  of    Latitude   Determtna* 
tions. — Latitude  determinations  by  zenith  telescope  or  transit- 

I     zenith  telescope  are  subject  to  errors  of  three  general  kinds: 

^h      I.   External  errors; 

^H      2.   Instrumental  errors;  and 

^H      3,   Observer *s  errors. 

^H      No  attempt  will  be  made  here  to  fully  discuss  these  errors, 

Fas  the  kind  of  work  which  this  volume  is  intended  to  explain 

I  is  not  of  such  high  quality  as  cither  to  warrant  their  correc- 
tion  or  a  reduction  of  the  results  by  least-square  methods. 
These  arc  fully  explained  in  the  more  extended  treatises 
already  referred  to. 

The  external  errors  are  those  due  to  abnormal  refraction, 
star  places^  and  to  defective  declinations*  The  latter  have 
probable  errors  sufficiently  large  to  account  for  more  than  half 
of  the  error  in  the  final  result.     The  errors  in  the  computed 

r differential  refractions  are  probably  very  small.  Observers 
Vrrors  are  those  made  in  bisecting  a  star  and  in  reading  the 
level  and  micrometer.  They  are  of  the  kind  known  as  per- 
sonal errors  or  those  due  to  personal  equation.  Instrumental 
errors  include  those  due  to  inclination  of  the  micrometer  line 
to  the  horizontal,  to  an  erroneous  level  value,  to  inclination 
of  the  horizontal  axis,  to  erroneous  placing  of  the  azimuth 
stops,  to  error  of  collimation,  to  an  erroneous  mean  value 
of  the  micrometer  screw,  and  to  instability  of  relative  posi- 
tions of  different  parts  of  the  instrument.  The  errors  of  the 
first  and  second  sources  are  small,  but  must  be  carefully 
guarded  against.  In  the  first  instance  the  observer  should 
study  to  make  the  bisection  in  the  middle  of  the  field.  If 
the  error  from  using  an  erroneous  level  is  small,  the  level 
orrections  will  be  small. 

Vn  planning  a  series  of  observatians  the  observer  must  de- 
termine the   quality  of  the  result  desired   which   will  fix  for 
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Iiifii  jj  to  bow  many  obscrvatioos  sliall  be  made  auid 
many  separate  pairs  observed.     Increasiiig   eitber  of  the 
increaies  the   cost  of   field-  and  oflfice-vork.     The  ratio 
observation  to  pairs  shotild  be  such  as  to  give  a  maxinii 
accuracy  for  a  giveo  expenditure.     Extremes  of  practice  are 
given  by  Hayford  as  210  observations  on  30  pairs  each  ob- 
served  on  seven  nights,  and  icX)  observations  on  100  pairs  each 
observed  but  once.    The  first  is  the  practice  of  the  U.  S.  Coast 
and  Geodetic  Survey,     The  practice  of  the  U*  S.  Geological 
Survey  is  100  observations  on  20  pairs  on  each  of  five  nights. 

322.    Field-work  of  Obsenriag^  Latitude^The  follow 
ing  description  and  example  of  the  field-work  of  observi 
latitude  is  taken  chiefly  from  Gannett's  **  Manual  of  the  Top- 
ographic Methods  of  the  U.  S.  Geological  Survey."'      Before 
commencing  the   field-work  a  list  of  pairs  0/  stars  must  be 
prepared,  each  pair  of  which  shall  have  such  zenith  distances 
that  they  will  culminate  at  nearly  equal   distance,  one   north 
and  the  other  south  of  the  zenith.      Lists  of  such   stars  arc 
published  in  the  British  Association  Catalogue,  various  Greei^^i 
wich  catalogues,  Safford's  Catalogue  of  the  Wheeler  Survej^f 
and  in  various  miscellaneous  publications  giving  star  lists  pre- 
pared for  special  surveys.     To  prepare  such  a  star  list  it   is 
necessary  to  know  approximately  the  latitude  of   the  station 
and  the  right  ascensions  and  declinations  of  the  stars.      When 
the  declination  of  a  star  is  known,  the  zenith  distance  is  ob- 
tained  by  subtracting  the  latitude  of  the  place  from  its  declin 
tion»     The  stars  selected  are  such  as  culminate  within  a  f^ 
minutes  of  one  another  and  should  be  observed  consecutivel; 
In  selecting  them  by  pairs,  therefore,  only  sufficient  intcrv; 
of  time  should  be  left  between  pairs  to  allow  of  the  scttini 
of  the  instrument- 

At  the  beginning  of  the  observation  the  insirtuncnt  shou 
be  placed  in  the  line  of  the  meridian  and  carefully  collimatei 
At  the  approach  to  the  meridian  of  the  first  star  of  the  pa 
the  instrument  should  be  set  for  it  by  the   vertical   circle,  the 
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splrit*Ievel  upon  that  circle  being  made  as  nearly  level  as  pos-          ^H 
sible.     As  the  star  traverses  the  field  of  the  telescope,  the          ^H 
movable  thread  in  the  reticule  is  kept  upon  it  by  means  of  a          ^H 
micrometer  screw  until  it  crosses  the  middle  vertical  thread,           ^H 
then  the  micrometer  and  the  divisions  of  the  level-bubble  are          ^^H 
read.      Immediately,    without   disturbing  the   setting  of  the           ^H 
telescope,  the  entire  instrument  is  revolved  through    iSo"*  on           ^H 
Its  vertical  axis,  when  it  will   point  to  the  other  side  of  the          ^H 
zenith  at  the  same  angle  as  before  and  will  then  be  set  for  the          ^^k 
opposite  star.     As  this  approaches  culmination  the  same  opera-           ^H 
tion  is  performed  as  before,  reading  the  micrometer  and  the           ^^k 
level  again.                                                                                                       ^H 
1      For  the  determination  of  a  latitude  at  least  20  such    pairs           ^H 
:>f  stars  should  be  observed  each  evening,  and  the  same  pairs,           ^^ 
if  possible,  should  be  observed  upon  several  other  evenings.                J 
The    following  example   is  taken   from   the  observations   at          ^H 
Rapid,  South  Dakota.                                                                                 ^H 

L        EXAMPLE.— LIST  OF  STARS.  FOR  OBSERVATION  WITH                      ^| 
I                                            ZENITH   TELESCOPE.                                                           ■ 
\                     CSialion:  Rapid,  South  DakoiA.     Approximate  LalUudc:  44 ■*  os'J                                                V 
■                                                         (From  G^nnetfs  Manual.)                                                                                  J 

b 

Naise  Of 
Number. 
Sa  fiord 't 

Mag. 

Cla«s. 

R.  A. 

Dec. 

Zen.  Ditt. 

Setting. 

7  Lacertie..* 
to  Lacertc 

1539 

tsst - 

tS6s 

>579 

1600.  ...••«• 
1633 

1676 

1686 

1702 

1732- 

4.0 
50 

6.5 

5.0 

6,0  ^ 
6.7 

4-5 

6,5  1 

A  A 
A  A 

B 
A 

C 
A 

A 
B 

A 
A 

A 

B 

A,    m. 
22  27 
22  34 

22  41 
22  47 

22    52 

22  59 

S3  08 

23  x8 

23  42 

23  47 

23  52 
34  00 

49  43 
38  29 

45  37 
42  42 

38  42 
49  26 

56  34 
31  56 

67  12 
21  03 

24  32 

63  35 

'5  38  N, 

5  36  S* 

1  32  N. 
I  23  s. 

5  23  S. 
5  2t   N. 

12  29  N. 
12   09   S. 

23  07  N. 
23  02  S. 

19  33  S. 
19  30  N. 

[   5  37  N. 
}   I  a?  N. 
[   5  «  S. 
[iz  19  N. 
(2305  N. 
\  19  3»  S. 

k 

J 
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EXAMPLE— RECORD   OF   OBSERVATION. 

(Slation  1  Rapkl.  South  Dakota.    Date:  November  q,  tSgo.     Insuument     Faulli  oocobiBeiA 

tnifiiu  aod  xeaitb  telescope  No.  534.    Observer    S,  S  G.    Recorder :  A.  t.  D.) 

(From  Gaancti  s  ManuftLl^ 


Star  Nmme  or 
Number. 


7  Laceria  ., 


1539 
1551 

1565 

1579 

1633 

J  676 
J  686 

1702 
1733 


N.  or 

Mtcrpis- 
eter 

Reading. 

Dill. 

Level 

Reoaarks. 

N. 

&, 

N. 
S. 

26.256 
24052 

-     2,204 

39  9 
26.5 

16. 7 
49  7 

-h56.6 
-76  2 
—  19.6 

30  432 

20.095 

-  iO'337 

42  0 
21.9 

18.7 
45  0 

•f  60  7 
-66  9 
-   6.2 

25    164 

26.703 

-h    1^539 

14.  T 
38.1 

37.6 
15.0 

-51.7 
-^53  1 

+   I  4 

Faint. 
Disiioct. 

S. 

32.214  i 
16.033 

—  i6.i8i 

37.5 
19.9 

14.1 
43  I 

+  51.6 
—  63  0 

-11. 4 

! 

Faint. 

S. 

26.656 
17.684 

-    8.972 

51  0 
17*0 

28.0 
39-6 

-f  79  0 
^56.6 

-22    4 

S. 

25045 
23.72a 

+    1-623 

18,0 
36.0 

40.9 
13  2 

-58.9 
-f49-2 

-   9  7 

3^:^.  Determination  of  Level  and  Micrometer  Constants. 

— Before  proceeding  with  the  reduction  of  latitude  observa* 
tions,  it  is  necessary  to  investigate  the  constants  of  the  in- 
strument, to  ascertain  the  value  of  a  division  of  the  latitude 
level,  and  of  a  division  of  the  head  of  the  micrometer  screw. 

The  valne  of  a  division  of  the  head  of  the  micrometer  scrrm 
is  measured  by  observing  the  transits  of  some  close  circum- 
polar  star,  when  near  elongation,  across  the  movable  thread; 
setting  the  thread  repeatedly  at  regular  intervals  in  advance 
of  the  star,  and  taking  the  time  of  its  passage,  with  the  read- 
ing of  the  micrometer.  The  precaution  should  be  taken  to 
read  the  latitude  level  occasionally  and  correct  for  it  if  neces- 
sary. This  correction,  which  is  to  be  applied  to  the  observed 
time^  is  equal  to  one  division  of  the  level,  in  seconds  of  time. 
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divided  by  the  cosine  of  the  declination  of  the  star  and  mul- 
tiplied  by  the  level  error,  the  average  level  reading  being 
ken  as  the  standard. 
The  time  from  i/ongatwn  of  the  star  requires  a  correction 
in  order  to  reduce  the  curve  in  which  the  star  apparently 
travels  to  a  vertical  line.  The  hcur-angie  of  the  star  is  first 
btained  from  the  equation 


cos  t^  =  cot  ^  tan  0, 


^jbtai 

r    <J  being  the  starts  declination,  and  0  the  latitude. 
^K     The  chronometer  time  of  elongation^ 


T^-a—t,—  6t, 


(150) 


(ISO 


in  which  a  is  the  right  ascension  of  the  star  obtained  from  the 
American  Ephemeris,  and  ^t  the  error  of  the  chronometer. 

Having  thus  obtained  the  chronometric  time  of  elongation, 
the  correction  in  question  is  obtained  frotn  the  observed  inter- 
val of  time  of  each  observation  before  or  after  elongation, 
from  tables  in  Appendix  No,  14,  U.  S,  Coast  and  Geodetic 
Survey  Report  for  1S80,  pp,  58  and  59,  and  in  part  in  the 
following  articles  (Tables  LXVIl  to  LXX).  A  discussion  of 
this  subject  will  be  found  in  the  appendix  above  referred  to, 
in  Hayford's  Geodesy,  pp.  174  to  181,  and  in  Chauvenet's 
Astronomy,  vol,  IL  pp,  360  to  364. 

The  tunes  of  observation  thus  corrected  for  level  and 
distance  from  elongation,  are  then  grouped  in  pairs,  selected 
as  being  a  certain  number  of  revolutions  ot  the  micrometer 
apart,  and  the  time  intervals  between  the  members  of  each 
pair  obtained.  The  mean  ot  these,  divided  by  the  sum  of 
revolutions  which  separate  the  members  ol  each  pair,  is  yet  to 
be  corrected  for  differential  refraction,  which  is  derived  from 
the  following  equation  : 


R  =  57". 7  sm  r  sec*  Z, 
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r  being  the  value  of  a  division  of  the  micrometer,  and  Z  the 
zenith  distance  of  the  star.  Four-place  logarithms  (Tables  V 
and  VI)  arc  sufficient  for  computing  this  correction,  as  it  is 
small.  On  the  preceding  page  is  given  an  example  of  record 
and  computation  of  the  value  of  a  revolution  of  the  micrometer 
of  combined  instrument  No,  534  of  the  Geological  Survey. 

If  d  be  the  value  of  one  division  of  the  latitude  level,  and 
n  and  s  the  north  and  south  readings;  then  if  the  numbering 
lof   the   level-tube  graduation   increases   each  way  from    the 
Ixniddtc,  the  inclination  of  the  vertical  axis  1  is 


i  =  -\in  +  W)  -  {s -\- s)]     ....     (153) 
4 

The  value  of  a  division  of  the  level  is  commonly  measured 
with  a  level-trier.  The  latitude  level  may^  however,  be  easily 
measured  by  means  of  the  micrometer,  the  value  of  a  revolu* 
tion  of  that  being  obtained  by  the  following  method : 

Point  the  telescope  upon  some  well-defined  terrestrial 
mark  and  set  the  level  at  an  extreme  reading  near  one  end  of 
the  tube.  Set  the  movable  thread  upon  the  object  and  read 
the  micrometer  and  the  level.  Now  move  the  telescope  and 
level  until  the  bubble  is  near  the  other  end  of  the  tube. 
Again  set  the  movable  thread  upon  the  object  and  again  read 
both  micrometer  and  level.  It  is  evident  that  the  micrometer 
and  the  level  have  measured  the  same  an^le,  and  that  the  ratio 
between  these  readings  equals  that  between  a  revolution  of  the 
micrometer  and  a  level  division.     (See  Example  next  page,) 

Secondly,  when  the  star  is  observed  off  the  line  of  collima- 
tion,  the  instrument  remaining  in  the  plane  of  the  meridian, 
then 

2  sin'  \r   ,  2  sin'ir 

w  =    _._  .,/-  sm  6  cos  d,     or     m  -=    ^.^  -^^" .  \ sm  2d,      (iS4) 


sin  r 


sin  I 


and  the  correction  to  the  latitude  is  half  of  this  quantity, 
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EXAMPLE,-DETERMINATlON  OF  VALUE  OF  ONE  DIVISION  OF 

LATITUDE  LEVEL  No.  534, 

(By  compariscjn  wiih  micrometer  screw  S34,) 
(From  Gannett*!  Manual.) 


Le»eJ. 

Diflerence. 

Microiaeter< 

«^. 

N. 

S. 

Mi«rom. 

8,025 
8.308 

47-3 
ao-7 

39.2 
02.7 

48.3 

4. 
36.  S5 

704.9 

1383    1 

8  S09 

7,^84 

tS.Q 
49  S 

01. 0 
31  0 

53. 5 

30-45 

937.3 

<599 

8.5ti 
a. CHS 

18.5 
47' a 

00.6 

39.1 

46.6 

33.60 

Bta.o 

1333 

9.07a 
d,604 

18,7 
46.  a 

00  e 
38,0 

47 -a 

S7'2S 

743.6 

1386 

9  44a 
9  oog 

33,7 
48.0 

g6.o 
30.0 

430 

24  15 

5S3.2 

ia|6 

9  S74 

31.8 
4&^0 

04.0 
30.1 

48.1 

36,15 

683,8 

13SS 

io.66t 

10. 213 

34,0 
50-7 

c6.i 

33.0 

44  9 

36,60 

718*3 

1303 

11.233 

lS-3 
48.3 

0.1.? 
3t-9 

51.9 

30,60 

936.4 

ISBI 

13.328 

Ji,872 

30. 0 

03.3 
28  5 

4S-6 

35. IS 

683.8 

1193 

i2,36g 
12.438 

33.3 

47-7 

04,6 
30,0 

43-1 

35.45 

647.7 

1097 

13.46S 
13.080 

33,0 
44 'S 

05  3 
26.9 

38.8 

21*SS 

464*4 

836 

14-146 
13  702 

30.1 
4§  4 

02.4 

37.8 

44-4 

3S  35 

643.6 

1135 

14.7S& 
14.283 

Sum 

33.3 
48. 6 

04.3 
31.0 

47-6 

36*35 

689,1 

1349 

9241.9 

16OQS 

log 16095.    =4.30669 

a.  c.  log 9341*9  =  6  03424 

log  I  div.  micrometer.' =9.87066 

.,    I  div.  level =  i".33olog  =  o  120K0 
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whether  the  star  be  north  or  south ;  and  if  the  two  stars  form- 
ing a  pair  are  observed  off  the  line  of  collimation,  two  such 
corrections,  separately  computed,  must  be  added  to  the  lati- 
tude. If  the  stars  should  be  south  of  the  equator,  the  essen- 
tial sign  of  the  correction  is  negative.  The  value  of  m  for 
every  5**  of  declination  is  given  in  the  following  table : 


Table  LXVI. 
values  of  m  fdr  every  5*  ^. 


■ 

1 

lOf, 

ijj* 

aoff. 

«K» 

30*. 

35*. 

(M. 

A^' 

sa^. 

55*. 

6or. 

I 

*t 

i* 

'# 

tt 

i* 

ft 

H 

tf 

»t 

II 

#' 

5 

5- 

.00 

.01    1 

,02 

.03 

.04 

06 

06 

.to 

.12 

.14 

'I7 

85* 

10 

.01 

.02 

.04 

.06 

.08 

II 

IS 

19 

.23 

.28 

•34 

80 

15 

.01 

03 

05 

.09 

.12 

17 

22 

.28 

•34 

■41 

•49 

75 

30 

.02 

.04  ! 

.07 

.11 

.16 

22 

28 

.36 

^44 

•53 

.63 

70 

25 

.©2 

.05 

08 

13 

,19 

26        . 

34 

42 

.52 

.63 

•75 

65 

3«» 

,02 

.05 

.09 

.t5 

.21 

29 

3S 

.4S 

59 

.71 

.85 

60 

35 

03 

.06 

.10 

,16 

*23 

31 

41 

.53 

.64 

ni 

.92 

55 

40 

03 

,06 

.It 

.17 

.24 

33 

43 

.54 

.67 

.81 

•97 

50 

45 

.03 

.06 

.11 

11 

.25 

33 

44 

55 

.68 

.83 

.98 

45 

Reduction  of  Observations  on  Close  Circumpolar  Stars^ 
Made  in  Determining  the  Value  of  a  Rn^olution  of  the  Microm- 
iter, — Let  /  =  difference  of  time  of  observation  and  elonga- 
tion of  the  star  expressed  in  seconds,  and  s"  =  number  of 
seconds  of  arc  in  the  direction  of  the  vertical  from  elonga- 
ion,  then 


s    — 


cos  (J  sin  / 
sin  i"    ' 


for  which  we  can  write 

^'  =  15  cos  (?{/  _  J(is  sin  Vyf 


(<SS) 


It  is  convenient    to    apply   the   term    |(iS  sin  t")V'    to    the 
observed  time  of  noting  either  elongation,  additive  to  the 
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observed  time  before,  and  subtract! ve  after.  The  followiog^ 
table  gives  the  value  of  J(i5  sin  i^')V*,  also  of  the  additional 
term  —  x^(iS  sin  i")7*  when  sensible,  for  every  minute  of 
lime  from  elongation  to  65"*. 

Table  LXVII, 
reduction  of  observations  on  close  circumpolar 

STARS. 
(From  Appcodix  14,  U.  5  Coast  mnd  Geodetic  Surrey  Report  lor  iSto.) 


1 

TCTOS. 

/ 

Term. 

/ 

Tcfm. 

/ 

Term. 

/ 

Term  ' 

i 

TenB, 

m. 

J* 

m. 

M* 

m. 

j« 

m^ 

s. 

m. 

f. 

* 

6 

0.0 

t6 

0.8 

36 

3.3 

36 

8.9 

46 

18.5 

50 

33.3 

7 

o.t 

17 

oq 

27 

3.7 

37 

96 

47 

19.7 

57 

35,1 

8 

0,1 

IS 

I.I 

38 

4-2 

38 

10.4 

48 

31.0 

58 

37*0 

9 

O.I   1 

19 

i  3 

29 

4-6 

39 

U-3 

49 

22.3 

59 

10 

0.2 

30 

1.5 

30 

l-t 

40 

12.2 

50 

23.7 

60 

41.0 

11 

0.2 

31 

1.8 

31 

5-7 

41 

13.  I 

51 

25.2 

61 

43  *t 

\2 

0.3 

2a 

3,0 

32 

6.3 

42 

14^1 

52 

26.7 

63 

45*2 

n 

0.4 

23 

2.3 

33 

6.8 

43 

15    I 

53 

23.3 

C»3 

14 

0.5 

24 

3.6 

34 

7-5 

44 

16.2 

54 

29.9 

<i4 

15 

0.6 

25 

3.0 

35 

8,3 

45 

17*3 

55 

31^6 

65 

52.1 

324.  Corrections  to  Observations  for  LatiHide  by 
Talcott's  Method. — Correction  for  Differential  Refractwn. 
— The  difference  of  refraction  for  any  pair  of  stars  is  so 
small  that  we  can  neglect  the  variation  in  the  state  of  the 
atmosphere  at  the  time  of  the  observation  from  that  mean 
state  supposed  in  the  refraction  tables.  The  refraction 
being  nearly  proportional  to  the  tangent  of  the  zenith  dis- 
tance, the  difference  of  refraction  for  the  two  stars  v^ill  be 
given  by 


R  --  R'  =  57". 7  sin  (5  —  z*)  sec'^; 


(156) 


and  since  the  difference  of  zenith  distances  is  measured  by 
the  micrometer,  the  following  table  of  correction  to  the  lati- 
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tude  for  differential  refraction  has  been  prepared  for  the  argu- 
ment \  difference  of  zenith  distance,  ox\  difference  of  microm- 
eter reading,  on  the  side,  and  the  argument  **  zenith  distance  " 
on  the  top.  The  sign  of  the  correction  is  the  same  as  that  of 
the  micrometer  difference. 

Table  LXVIII. 
correction  for  differential  refraction. 

(From  Appendix  14,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1880.) 


Zenith  DisUnce. 

\  Difl.  in 
Zenith 

Distance. 

t 

o» 

IO» 

ao» 

25' 

30* 

35- 

// 

't 

'/ 

M 

ti 

II 

0 

.00 

.00 

.00 

.00 

.00 

.00 

0.5 

.01 

.01 

.01 

.01 

.01 

.01 

I 

.02 

.02 

.02 

.02 

.02 

.02 

1.5 

.02 

.03 

.03 

.03 

.03 

.03 

2 

.03 

.03 

.04 

.04 

.04 

.05 

2.5 

.04 

.04 

.05 

.05 

.05 

.06 

3 

.05 

.05 

.06 

.06 

.07 

.08 

3.5 

.06 

.06 

.07 

.07 

.08 

.09 

4 

.07 

.07 

.08 

.08 

.09 

.10 

4.5 

.08 

.08 

.09 

.09 

.10 

.11 

5 

.08 

.09 

.10 

.10 

.11 

.13 

5-5 

.09 

.10 

.10 

.11 

.12 

.14 

6 

.10 

.10 

.11 

.12 

.13 

.15 

6.5 

.11 

.11 

.12 

.13 

.14 

.16 

7 

.12 

.12 

•13 

.14 

.15 

.18 

7.5 

.13 

•13 

•14 

.15 

.16 

.19 

8 

•13 

.14 

.15 

.16 

.18 

.21 

8.5 

.14 

.15 

.16 

.17 

.19 

.22 

9 

.15 

.16 

.17 

.18 

.20 

.23 

9-5 

.16 

.17 

.18 

.20 

.21 

.24 

10 

.17 

.18 

.19 

.21 

.23 

.26 

10.5 

.18 

.19 

.20 

.22 

24 

.27 

II 

.18 

.19 

.21 

.23 

.25 

.28 

II. 5 

.19 

.20 

.22 

.24 

.26 

.30 

12 

.20 

.21 

.23 

•25 

.27 

•31 

Reduction  to  the  Meridian, — First,  when  the  line  of  coUi- 
mation  of  the  telescope  is  off  the  meridian,  the  instrument 
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having  been  revolved  in  azimuth  and  the  star  observed  at  the 
hour-angle  r.  near  the  middle  thread,  then 


m  = 


2  sin*  ^T    cos  0  cos  ^ 


Bin  I 


sin  Z 


(157) 


and   the  correction  to  the  latitude,  if  the  two  stars  are  ob* 
served  off  the  meridian,  is 


The  value  of 


Con  0  =  i(w'-i«).      .     .     ,     ,     (158) 
2  sin'  Jr 


sm  I 


for  every  second  of  time  up  to  two 


minutes  (a  star  being  rarely  observed  at  a  greater  distance 
than  this  from  the  meridian  in  zcnith-tekscope  observations) 
is  given  in  the  following  table : 

Table  LXIX. 

2  »in'  ir 


VALUES  OF 


sin  i" 


f 

Term, 

T 

Term* 

f 

Term* 

T 

Term, 

!     ^ 

1 

Term. 

f 

TermJ 

I 

0,0a 

J. 
31 

41 

0.91 

3.Q3 

1 
1     8r 

1        ti 

3-S8 

lot 

S*S6 

a 

0.00 

22 

0,s6 

4« 

0.96 

63 

3.10 

1     82 

3  67 

loa 

5.67 

3 

o.oa 

35 

o.?g 

43 

1,01 

63 

3.16 

'     83 

3.76 

103 

5.78 

4 

O.QI 

24 

0.31 

44 

t.o6 

64 

2.23 

'    n 

3-S5 

104 

5-90 

5 

o.oi 

35 

0.34 

45 

[.10 

«>5 

3.31 

«5 

3*94 

105 

1^.01 

f> 

0  aa 

36 

0,37 

46 

lis 

C6 

3-3« 

,     Bb 

4  03 

106 

6  13 

7 

0.09 

27 

0*40 

47 

1. 30 

67 

2.4s 

S7 

4-12 

107 

6,24 

8 

0.03 

as 

0.43 

48 

1.36 

6a 

2.52 

BS 

4.32 

ioS 

6.36 

*) 

0.04 

n 

0.46 

4(| 

i'3i 

(^ 

2,60 

1     89 

4*32 

109 

6.48 

ta 

0.05 

30 

0.49 

50 

1-36 

70 

2,67 

\     90 

4.4a 

110 

6. bo 

It 

0.06 

31 

0.52 

51 

I   4* 

71 

2*75 

91 

4  52 

III 

6.7a 

ts 

0.0a 

32 

a.  S6 

53 

1.48 

73 

3*83 

9a 

4b2 

113 

6.^4 

13 

o.og 

33 

O.S9 

53 

^■53 

73 

2.9t 

.     93 

4.72 

113 

6,96 

14 

o.u 

34 

0.63 

S4 

t'59 

74 

2-99 

94 

4.S2 

114 

7.09 

15 

0. 12 

35 

0.67 

S5 

1.65 

75 

307 

95 

4-93 

IIS 

7  at 

16 

o.t4 

\  3e> 

0.71 

56 

1.71 

7b 

3^J5 

1     9b 

5 -03 

116 

7  34 

17 

*i.  16 

37 

0.7s 

57 

I  77 

77 

3-23 

.     97 

5  13 

117 

7^46 

iS 

o.tS 

38 

0  8(1 

5S 

1.83 

7a 

3-32 

98 

5.24 

118 

7.60 

19 

0.  30 

39 

0.83 

S9 

l.»9 

79 

34<J 

99 

5^34 

119 

7.73 

au 

0*22 

40 

0.87 

60 

1.96 

So 

3-49 

1   ^^^ 

5.45 

I30 

7-85 
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The  Determinatian  af  Apparent  Declinations  of  Stars  Used 

Is  thc^  next  step.      Whenever  possible  these  should  be  taken 

from    the  American    Ephemeris,    the   Berliner  Jahrbuch,   or 

L     other  reliable  sources.     The  positions  of  stars  are  also  given 

^Hi  Safford*s  Catalogue  for  the.  epoch  of   1875,  together  with 

^^he  annual  precession  and  proper  motion.     The  declinations 

given  there  should  be  revised  by  the  aid  of  more  recent  cat* 

alogues.  particularly  with   reference  to  stars  of  the  class  C, 

The  annual  precession  and  proper  motion  multiplied  by  the 

number  of  years  which  have  elapsed,  applied  with  the  effect 

of  secular  variation  in  precession,  give  the  declination  at  the 

beginning  of  the  year.     To  reduce  from  mean  place  at  the 

beginning  of  the  year  to  apparent  place  at  any  date  may,  with 

the  aid  of  the   Ephemeris»  be  put  in  the  following  form  for 

apparent  right  ascension  and  declination  at  a  stated  time: 


N 

W 


^=&.+/+rfA-^  ^\g  sin  (C+  a.)  tan  6. 

+  ^h  sin  {H  -{-  aj  sec  3 in  time; 


^  =  <y*  +  Tfi'  4.  g  cos  {G  +  a;)  +  //  cos  {H  4^  a,\  sin  o^ 
+  I  cos  <J.,.., in  arc; 


(IS9) 


(160) 


which  oTi  and  d^  =  right  ascension  and  declination  at  be- 
ginning of  year; 

r  —  elapsed  portion  of  fictitious  year  ex- 
pressed in  units  of  one  year  as  given 
in  the  Ephemeris ; 

pi  and  pi'  ^  annual  proper  motions  in  right  ascen- 
sion and  declination; 

ff*  G%f>g*  Ai  and  i  =  quantities  called  independent  star  num- 
bers and  are  given  in  the  Ephemeris. 


?42 


LA  TITUDE. 


EXAMPLE.— COMPUTATION    OF  APPARENT   DECLINATION  OF 
STAR   15B9   (S AFFORDS   CATALOGUE) 

AT  ITS    TRANSIT   AT    ft  API  D,    SOUTH    DAKOTA.    KOV*    Q,    189O- 
(S,  S.  GAiiNETTt  Com pulcr.) 

^«  =  45'  3S'  ii'%86  ;        o-i  =  340"  23'  =  aa**  41"  3a«. 

Eapid  19  west  of  Washington ,.,.,, * «..,..,  _.,<..     i""  45" 

Rapid  sidcfeal  lime  of  transit  or  a. , , .,-....,,*,.   33    41 J 

Washington  sidereai  time.  ,♦.*.......**,,.. ...**...,,,.,  24    36) 

Sidereal  lime  oi  mean  midnight^  Nov,  g  (Am»  Epheroeris.  p,  383)*  27    j  j 
Hence  sidereal  ititerval  bcfare  Washington  mtdnight  for  Mated 

iLtne  is ^ ^  *,.,....«...»,.  ^  ..,,>,.....«,«,.......  «^  «, .  2    jol 

Equivalent  to...* ..»«.*...**.«...»....> o.ia  day 

The  Ephemeris,  p.  291,  gives  the  following  values  Nov*  8.  Washington 
mean  midnight: 


^^^^b 

log  #                log  k                   log  / 

^^^1                  .86      3  \iy   43^       40'  45' 

+ 

rooge      -f  1.2938     +0.7460 

^^^m                9 

^^^V                    .86       346    56        39    46 

+ 

1.0103      +  1.294s      +  0^7377 

^^P                 By   interpolating  the  value!   nt  lime  of  observation  at  Rapid. 12  daf 

before  Washington   midnight^   Nov, 

9,  1890,  in  accordance  with    formula 

(l6o>r  the  computation  of  5  is  : 

G                 H 

Ic'ffr               lair^               loir ' 

1                                     346'  55'     yf  S3' 

l.oioa          J. 2944          0.7387 

log^  =  1.0102 

^.  =  45*  38'  ii".«5 

log  cos  {G  +  tfo)  327'  18'  =  9-9251 

xti'  =  .86  X  -  o".03  =              -.  0.03 

log  g  cos  {G  +  tfo)              =  0.9353 

^  cos  {G  +  tfo)               =  8".62 

=             -f  8.62 

log  k  —  1.2944 

log  COS  (H  '\-  tfo)  20»  16'   =  9.9722 

log  sin  5o  =  9.8543 

1. 1209 

^  cos  (-^  +  «o)  sin  5o        =  I3".2i 

log  I  0.7387 

log  cos  ^0  9.8446 

0.5833 

I  cos  5  =  3".  83 


+  13.21 


+  3.«3 


Apparent  declination  s  45*  38'  37^.48 
at  time  of  observation 
Nov.  9,  1890. 
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325.  Reduction  of  Latitude  Observations — With  all  this 
preliminary  work  done,  the  final  reduction  of  latitude  obser- 
vations is  a  comparatively  simple  matter.  Grouping  the 
observations  by  pairs,  the  mean  declination  of  each  pair  is 
obtained,  the  corrections  for  difference  of  micrometer  readings 
and  levels  are  applied^  with  a  small  correction  for  differential 
refraction,  and  the  result  is  the  desired  latitude. 

Applying  the  foregoing  corrections  to  formula  (i49)»  we 
ha%'e  the  following  working  formula  for  reduction  of  latitude 
observations : 

^  =  4(d  +  rf')  +  (;W -  i/')j  +  ^[(«  +  «')  -  (5  +/)] 

EXAMPLE.— REDUCTION   OF   LATITUDE   OBSERVATIONS. 


(Sunon  ; 

[lapid,  Souih  Dakoia.     November  q 
One  di¥.  level 

=  1" 

33 

Hilf  rev.  micromcier  = 
0 

n"'7oo. 

Date. 

Star  NttrobCTS. 

i. 

H 

Kii  4- !,» 

Nov.  9.... 

S  7  LaccTt  and  \ 
\      10  Laccrt.    f 
1539     iSSt       1 
1565     1579 

1600     1633 
1676     1686 
1702     1722       ' 

49  42  87.33 

45  38  37*48 
38  43  39*78 
56  34  06.66 
67  12   10,93 
24  32  09.04 

38    23    04.60 

42  4^  04.63 
49  27  41.04 
31   55  56.91 
21   03   54*02 
63  35  27*34 

ft            /                 M 

44  06  15*97 

It  21.06 
05  40.41 
15  01.78 
08  02.48 
03  48.19 

Star  Numbers. 

Latitude 

Weight 

A  m. 

Micfom 

Level. 

Reff. 

7  Lacert  and  } 
10  LaccrL    f 
1539     »55i 
1565     1579 
1600     1633 
1676     1686 
1702     1722 

-  1    23.53 

-  6  31-77' 

-  0  58.33 

-  10  13.25 

-  3  08*43 
-f-    1  01.51 

-6.51 

-  2.06 

H-0.46 
-3.78 

-  7*44 

-  3   22 

-.03 

—  .ir 
-*o3 
-.19 
-.07 
-f.oa 

0      /         tf 

44  04  45*90 

47  t2 
42.51 
44.56 
46.54 
46.50 

.98 

.90 

79 

.90 

-93 
.90 

tt 

5.78 

6.41 
1.98 
4.10 
6.08 
5.8s 

5*40 

30. » 

Novcmoer  9.     Wfighted  mean  =  44"  04'  45".59w 
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326»  Determination  of  Longitude. — Determining  the  lon- 
gitude of  a  point  on  the  surface  of  the  earth  consists  in  find- 
ing the  angle  between  the  two  meridian  planes  passing 
through  the  station  and  a  reference  meridian.  In  the  United 
States,  Greenwich,  England,  is  generally  accepted  as  the  zero 
of  longitude.  Time  and  arc  are  interchangeable  (Art.  304), 
differences  in  longitude  may  be  expressed  in  time  or  angle. 
Thus  24  hours  equals  360°,  i  hour  equals  15"*.  I  minute  of  time 
equals  1 5' and  i  second  equals  15"  of  arc  (Tables  LVI  toLlX). 
Therefore  the  angle  between  the  two  meridian  planes  above 
described  is  the  same  as  the  differences  of  the  local  times  of 
the  two  stations.  Accordingly,  to  determine  the  longitude  of 
a  station  is  to  determine  the  differences  between  the  local  time 
at  Greenwich  and  the  local  time  of  that  station  (Art.  305). 
generally  referred  to  some  nearer  station  the  longitude  of 
which  is  already  known. 

327.  Astronomic  Positions :  Cost,  Speed,  and  Accu- 
racy.— Practically  the  whole  expense  involved  in  determining 
the  latitude,  longitude,  and  azimuth  of  a  station  is  included  in 
the  telegraphic  exchange  of  signals  and  time  observations  for 
longitude,  the  additional  observations  required  to  determine 
latitude  and  azimuth  being  made  in  the  meanwhile. 

The  U,  S.  Coast  and  Geodetic  Survey  determines  longi- 
tudes of  prime  importance  at  an  average  cost  of  $1500  per 
station.  The  observations  are  made  by  transit  instrument  for 
time  and  telegraphic  exchange  of  clock  signals  on  five  nights. 

744 


LONGITUDE  BY  CHRONOMETERS. 


745 


¥ 


The  observers  then  change  stations  and  repeat  the  same  obser- 
vation on  five  additionat  nights,  making  a  total  of  ten  nights, 
requiring  about  six  weeks  of  actual  time.  The  probable  error 
of  a  location  is  ±  o.oi  second  of  time»  equivalent  to  from  lO 
to  IS  feet  in  distance. 

The  U.  S,  Geological  Survey  determines  longitudes  at  a 
cost  of  about  $500  per  station.  The  method  is  by  exchange 
of  telegraphic  signals,  as  in  the  Coast  Survey,  but  on  four 
nights  only,  the  personal  equation  being  determined  on  four 
other  nights  either  preceding  or  following  the  field  season. 
Accordingly,  a  determination  of  personal  equation  by  the 
Geological  Survey  method  serves  for  from  three  to  four  longi- 
tude determinations  in  a  season,  the  average  time  per  station, 
including  observations  for  personal  equation,  being  ten  days  to 
two  weeks.  The  probable  error  of  such  a  determination  is  ±  .03 
seconds  of  time,  equivalent  to  from  30  to  45  feet  in  distance. 

328*  Longitude  by  Chronometers.^ — When  it  is  imprac- 
ticable to  determine  longitude  by  telegraphic  exchange  of 
signals  (Art.  330),  the  same  principle  may  be  employed  be- 
tween two  intervisible  stations,  as  points  on  a  shore  line  or 
the  summits  of  mountain  peaks,  by  flashes  of  light. 

The  simpler  and  more  usual  way,  however,  of  determining 
longitudes  in  the  absence  of  the  telegraph  is  by  means  of 
chronometers  or  chronometer  watches  carried  from  some 
point  the  longitude  of  which  is  known  to  that  at  which  it  is 
to  be  determined.  This  performs  the  same  purpose  as  the 
telegraph  by  comparing  local  times  at  the  two  stations. 

The  mode  of  determining  longitudes  with  chronometers  is 
to  observe  transits  of  stars  on  as  many  nights  as  practicable,  gen- 
erally from  10  to  50,  catching  the  transit  by  eye  and  the  chro- 
nometer beat  by  ear.  At  the  known  station  there  should  be 
from  2  to  4  chronometers,  part  set  to  sidereal  and  part  to  mean 
time,  and  these  should  remain  stationary  and  protected  from 
changes  of  temperature.  At  the  new  station  there  should  be 
a  similar  number  of  stationary  instruments.      F'inatly,  several 
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chronometers,  part  set  to  mean  and  part  set  to  sidereal  timc> 
should  be  carried  back  and  forth  between  the  two  stations. 

The  nutlwd  of  observing  \%  to  compare  the  moving  with  th^ 
stationary  chronometers,  and  these  compared  with  the  transit 
observations  serve  to  determine  the  error  of  each  chronometer. 
The  moving  chronometer  must  be  handled  with  the  greatest 
possible  care,  and  the  results  cannot  be  satisfactory  where 
they  are  carried  on  wagons,  or  on  the  backs  of  animals.  They 
may  be  carried  with  fairly  satisfactory  results  in  the  hand, 
however.  Where  the  mode  of  travel  is  rough,  chronometer 
watches  will  give  as  satisfactory  results  as  can  be  attained  by 
attempting  to  transport  large  chronometers. 

The  object  of  having  chronometers  set  to  both  sidereal  and 
mean  time  is  similar  to  that  of  reading  a  vernier.  The  side- 
real chronon\cter  gains  gradually  on  the  mean*timc  chronom- 
eter, and  about  once  in  three  minutes  the  two  chronometers 
tick  exactly  together. 

The  mode  of  computing  chronometric  longitudes  consists  in 
applying  to  the  time  of  a  mean*time  chronometer  the  correc- 
tion to  local  mean  time»  the  result  being  local  mean  solar  time* 
This  must  then  be  reduced  to  sidereal  interval  to  give  sidereal 
interval  from  preceding  mean  noon.  The  time  of  sidereal  pre- 
ceding mean  noon  must  then  be  applied,  giving  local  sidereal 
time.  This  compared  with  the  time  of  the  sidereal  chronom- 
eter gives  the  correction  to  the  latter. 

329*  Longitude  by  Lunar  Distances. — If  the  direct 
methods  of  determining  longitude  are  unavailable,  such  as 
those  by  telegraphic  exchange  of  time  signals  with  the  chron- 
ograph (Art.  330)  or  by  means  of  chronometers  (Art.  328), 
there  remains  but  one  other  method  of  determining  longitude. 
dependent  upon  the  motion  of  the  moon.  The  position  of  the 
moon  has  been  determined  frequently  at  fi.xed  observatories. 
As  a  result  its  orbit  and  its  various  perturbations  have  been 
computed.  Tables  giving  the  right  ascension  and  declination 
of  the  moon  for  every  hour,  and  other  tables  defining  its  place, 
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are  to  be  found  in  the  American  Ephemeris.      If  the  topog- 
rapher wishes  to  determine  longitude  by  the  moon,  he  deter- 
mines its  position  and  notes  the  local  time  at  which  his  obser- 
vation was  made.     Then  by  consulting  the   Ephemeris  and 
finding  what  interval  by  Greenwich  time  the  moon  was  actu- 
ally ill  the  position  in  which  he  observed  it,  the  difference 
between  this  time  and  the  local  time  of  his  observation  is 
I     longitude  reckoned  from  Greenwich, 
^ft     The  various  methods  by  which  the  position  of  the  moon 
^Bnay  be  determined  are  all  approximate,  and  the  field-work 
^Bonnected  with  the  making  of  these  observations  is  laborious 
I      considering  the  inferior  quality  of  the  results.     The  attain- 
ment of  accuracy  by  any  method  involving  the  moon  is  diffi- 
cultt  because  the  moon  requires  about  274  days  to  make  one 
I      ^complete  circuit  in  its  orbit  about  the  earth.     The  apparent 
^Hpotion  of  the  moon  among  the  stars  is  accordingly  ^\  as  fast 
^Ks  the  apparent  motion  of  the  stars  relative  to  the  observer's 
^nieridian,  which   furnishes  his  measure  of  time.     Any  error 
in  determining  the  position  of  the  moon  is  according!}^  multi- 
plied by  at  least  2?  when  converted  into  time.      Moreover,  the 
motion  of  the  moon  is  so  difficult  to  compute  that  its  posi- 
^^tions  at  various  times  as  given  in  the  Ephemeris  are  in  error 
^■by  amounts  which    become  whole  seconds  when  multiplied 
^^by  2J,      Finally,  the  limb  or  edge  of  the  visible  disk  of  the 
moon,  which  is  the  object  really  observed,  is  seen  as  a  ragged 
outline  which  makes  it  difficult  to  use  for  purposes  of  measure- 
ment.    The  computations  required  for  the  determination  of 
longitude  by  lunar  observations  are  long  and  complicated^  and 
the  theories  involved  require  much  study  for  their  mastery. 
Accordingly,  no  attempt  will   be  made  to  explain  here  the 
methods   of    determining    longitude    by   lunar  observations, 
reference   being    made    to   Doolittle's   Practical  Astronomy, 
I       the  American  Ephemeris,  and  to  Chayvenet*s  Astronomy. 
^H       Recently  there  has  been  devised  by  Captain  E.  H.  Hills  of 
^^the  British  Army  a  method  of  determining  longitude  by  photo- 
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graphs  of  the  moon  and  of  one  or  more  bright  stars  of 
proximately  the  same  declination.  In  1895  Captain  Hills 
took  advantage  of  the  despatch  of  a  surveying  expedition  to 
the  Niger  River  in  Africa  to  carry  out  a  scries  of  field  experi- 
ments for  the  determination  of  photographic  longitudes.  The 
results  obtained  are  reported  as  most  encouraging.  No  diffi- 
culty \vas  experienced  in  the  field  althougn  the  observer  was 
quite  new  to  the  work.  The  only  apparent  disadvantage  of 
this  method,  and  one  which  is  not  serious,  rests  on  the  fact 
that  the  results  are  not  at  once  available,  although  this  is 
generally  of  small  moment «  as  the  office  measurement  and 
computation  can  be  done  at  leisure  and  with  access  to  ac- 
curate measuring  micrometers.  Underlying  the  principle  of 
this  method  is  that  of  obtaining  a  photograph  of  the  moon 
and  the  traces  of  one  or  more  bright  stars.  The  position  of 
the  moon  is  determined  at  the  time  of  taking  the  photograph 
by  means  of  some  angle-reading  instrument  attached  to  or 
separate  from  the  camera.  After  the  exposure  has  been  made 
on  the  moon  the  time  is  noted  which  elapses  between  it  and 
the  passage  of  some  bright  star  across  the  field  of  the  camera 
as  denoted  by  the  cross-hairs  of  the  finding  instrument. 
When  an  exposure  of  some  duration  is  made  on  a  star  so  that 
it  shall  leave  a  trace  on  the  plate,  or,  in  fact,  several  expo- 
suitis  are  made  as  explained  hereafter,  the  declination  of  the 
moon  and  stars  being  known  and  the  time  which  has  elapsed, 
these  quantities,  with  the  micrometric  measurement  of  the 
distance  between  the  limb  of  the  moon  and  the  star  tracer 
give  all  the  data  from  which  to  compute  the  longitude. 

In  Chapter  XXX VI I  are  given  a  description  and  an  exam- 
ple of  the  method  of  determining  a  photographic  longitude, 
prepared  by  Mr.  Wm.  J,  Peters  of  the  U*  S.  Geological  Sur\*ey. 

330.  Longitude  by  Chronograph. — As  already  explained, 
all  methods  of  determining  longitude  are  reduced  to  deter* 
mining  the  differences  of  local  times  and  convcrthig  these  into 
differences  in  longitude  (Art*  305).    The  most  accurate  method 
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Lof  dedrmining  time  differences  is  by  meridian  transit  observa- 
^^bons  (Art.  308)  for  time  at  two  stations,  and  the  comparison 
^Bf  the  results  by  the  exchange  of  telegraphic   signals.      The 
PRperation  consists  in  the  observation  of  stars  for  time  with  a 
transit    instrument    of   the    type   described    in    Article    319, 
These  stars  are  observed  in  sets  by  previous  agreement  be- 
tween the  observers  at  the   station  the  longitude  of  which  is 
known  and  that  at  which  it  is  to  be  determined.     At  some 
time  about  the  middle  of   the  night's  observations,  between 
^■fewo  sets  of  time  observations,  arbitrary  signals  are  exchanged 
l^^y  telegraph  between  the  two  stations,  and  these  serve  to  com- 
[     pare  the  chronometers  and  thus  to  compare  the  local  times  at 
the  two  places  as  determined  during  the  star  observations. 

For  the  purpose  of  recording  the  time  of  transit  of  stars 
as  observed  with  the  transit  an   instrument  called  a  chrono- 
graph is  used.     This  consists  of  a  drum  upon  which  is  wound 
a  strip  of  paper  kept  in  revolution  by  clockwork  controlled 
^^y  an  escapement  (Fig.  182),      A  pen  carried  by  a  car  which 
^Hravels  slowly  in  a  direction  parallel  to  the  axis  of  the  cylin* 
^^er  traces  a  Hne  on  the  drum.     This  pen  is  held  in  place  by  a 
magnet  carried  also  upon  the  car,  and  as  long  as  the  current 
from  the  battery  passes  through  the  coil  and  thus  holds  the 
armature  the  pen  traces  an  unbroken  spiral  line.     If  the  cur- 
rent is  suddenly  broken  or  destroyed,  as  by  a  touch  of  the  ob- 
serving key,  the  armature  is  freed  in  an  instant  and  a  jog  is 
made  in  the  line.    The  batteries  employed  with  this  apparatus 
are  the  ordinary  zinc,  copper,  and  sulphate  of  copper  appara- 
tuses of  four  cells.      Dry  batteries  are  also  used  successfyily. 

As  a  part  of  this  apparatus  a  bnak-circuit  chronometer  is 
used  which  differs  from  ordinary  chronometers  in  that  it  is 
arranged  to  break  an  electric  circuit  temporarily  at  regular 
intervals.  Those  used  in  the  U.  S.  Geological  Survey  break 
circuit  every  two  seconds,  the  end  of  a  minute  being  indicated 
by  a  break  at  the  Jgth  as  well  as  60th  second.  One  of  these 
chronometers  being  connected  with  a  battery  and  the  chrono- 
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graph  being  introduced  in  the  same  circuit,  the  beginning  of 
every  second  is  recorded  upon  the  chronograph  battery^  by  a 
jog,  and  the  distance  between  any  two  jogs  represents  there- 
fore 2  seconds.  The  observer  at  the  transit  watches  a  star 
near  the  meridian,  and  as  it  crosses  a  thread  in  the  telescope 
he  presses  an  observing-key  which  is  in  circuit  with  the  chron- 
ograph, and  thus  records  by  a  jog  on  the  chronograph  sheet 
the  time  of  passage  between  the  threads. 

331.  Observing  for  Time. — The  transit  being  mounted, 
leveled,  and  adjusted  in  the  meridian  as  described  in  Article 
322,  and  the  chronograph  set  up  and  running  connected  in  a 
circuit  with  a  battery,  a  chronometer,  and  a  telegraph  key, 
time  observations  are  made  in  the  following  manner: 

A  list  of  time  stars  should  be  consulted,  as  that  given  in 
the  Berliner  Jahrbuch,  this  being  one  of  the  fullest  lists  which 
give  day  places.  Stars  are  selected  north  and  south  of  the 
zenith  so  that  the  azimuth  errors  will  balance  one  another  as 
nearly  as  possible.  On  the  approach  of  the  selected  star  to 
the  meridian  the  telescope  is  set  by  means  of  the  vertical 
circle  for  the  altitude  of  the  star  above  the  horizon,  as 
determined  from  the  declination  and  latitude.  As  the  star 
crosses  each  thread  in  the  reticule  the  fact  js  recorded  upon 
the  chronograph  sheet  by  the  observer  pressing  the  observing 
\ey.  At  least  four  time  stars,  as  those  between  the  equator 
nd  zenith,  are  designated,  and  one  circum polar  star  should  be 
observed  and  the  telescope  be  reversed  in  the  wyes  and  a 
similar  set  be  observed.  Two  such  half-sets  with  the  reversal 
of  the  telescope  between  gives  an  accurate  determination  of 
time.  The  same  sets  of  stars  are  by  previous  agreement 
observed  at  each  station. 

Between  observations  upon  any  two  stars  the  striding- 
^Ifi^il  should  be  placed  upon  the  pivots  of  the  instrument  and 
readings  taken  to  ascertain  the  departure  of  the  axis  from  a 
horizontal  position.  In  order  to  avoid  unequal  expansion  of 
the  pivots  from  unequal  heating,  both  bull's-eye  lamps  must 
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be  lighted  and  placed  in  their  stands,  in  order  that  both  pivots 
may  be  equally  heated.  After  the  comparison  of  chronom- 
eters at  the  two  stations,  to  be  hereafter  described,  a  similar  set 
of  stars  should  be  observed,  thus  giving  rate  of  the  chronometer. 

332.  Reduction  of  Time  Obsenratioos. — Certain  ccn- 
stants  of  the  transits  should  be  measured  before  proceeding 
with  the  reduction  of  time  obsen^ations.  The  vaiui  o/adh*istcu 
0/  the  striding-levti  should  be  measured  by  means  of  a  level- 
trier.  The  equatorial  interval  of  time  between  each  of  the 
threads  and  the  mean  of  all  the  threads  should  be  obtained, 
as  it  is  not  infrequently  needed  in  utilizing  broken  or  imper- 
fect observations.  These  can  best  be  obtained  from  observa- 
tions on  slow-moving  stars,  but  any  stars  may  be  used  for  the 
purpose.  The  intervals  as  observed  are  reduced  to  the  equa- 
tor by  multiplying  them  by  the  cosine  of  the  declination  of 
the  star  observed.  The  object  of  these  observations  is  specific 
cally  the  determination  of  the  error  of  the  chronomtttr. 
This  error  equals  the  right  ascension  of  a  star  minus  its 
observed  time  of  transit,  corrected  for  certain  instrumental 
errors.     These  errors  are  as  follows: 

The  correction  for  letfci  error ^  designated  by  b  (Art,  3o8)» 
i^qascertained  from  the  readings  of  the  striding-leveK  The 
value  of  a  division  of  the  level  in  seconds  of  time  must  have 
been  previously  ascertained  by  means  of  a  level-trier.  The 
effect  of  the  level  error  is  greatest  at  the  zenith  and  diminishes 
toizcro  at  the  horizon.  The  correction  in  seconds  of  time  is 
given  (see  formula  (131))  by  the  following  equation: 

bB  —  b  cos  (0  —  <y)  sec  <y (162) 

When   the  declination  is  north,    it  is  to  be  regarded 
having  a  plus  sign   for    upper  and    a  minus    sign   for    lowef* 
culmination.      When  south  it  is  negative, 

77/^^  correction  for  inequality  of  pivots  can  be  made  a  part 

of  the  level  correction. 
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Let   /  =  the  inequality  of  pivots ; 

B  =  inclination  of  axis  given  by  level  for  clamp  west; 
B'  =-  inclination  of  axis  given  by  level  for  clamp  east ; 
b  —  true  inclination  of  axis  for  clamp  west ; 
b*  —  true  inclination  of  axis  for  clamp  east; — then 


/  = 


B  -  B^ 
4 


(>63) 


b  =  B-\-p  for  clamp  west; 
b'  =  B'  ^fi  for  clamp  east, 

TAr  correction  for  error  of  coiiimation,  designated  by  c 
Art,  308),  is  the  departure  of  the  mean  of  the  threads  from 
'  the  optical  axis  of  the  telescope.  For  stars  at  upper  culmi- 
'  nation  with  clamp  west  it  is  plus  when  the  mean  of  the  threads 
is  east  of  the  axis,  and  minus  when  it  is  west  of  it.  For  stars 
^^t  lower  culmination  the  reverse  is  the  case.  The  value  of  c 
^^B  one-half  the  difference  between  the  clock  error  indicated  by 
^Btars  observed  before  and  after  reversal  uf  the  instrument^ 
^divided  by  the  mean  secant  of  the  declinations  of  the  stars. 
This  is  slightly  complicated  with  the  azimuth,  although  the 
effect  of  that  is  largely  eliminated  by  the  proper  selection  of 
stars.  Consequently  it  is  to  be  obtained  by  approximations, 
in  conjunction  with  the  azimuth  errors.  Tlie  correction  to 
be  applied  to  each  star  is,  from  formula  (132), 


^^Dc  ap 


cC  =  c  sec  <5, 


(164) 


Tch  is  plus  for  a  star  at  upper  culmination,  and  minus  for  a 
star  at  lower  culmination.      It  is  least  for  equatorial  stars  and 
I      increases  with  the  secant  of  the  declination* 
^K       The  corriction  for  deviatimi  in  azimuth,  designated   hy  a 
^^Art.  308),  represents  the  error  in   the  setting  of  the   instru- 
ment in  the  mertdiaii.      Its  effect  is  zero  at  the  zenith  and  in- 
increases  towards  the  horizon.      Since  the  instrument  is  liable 
to  be  disturbed  during  the  operation  of  reversal,  it  is  neces- 
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sary  to  determine  the  azimuth  error  separately,  both  before 
and  after  reversal.  A  comparison  of  the  clock  error,  deter- 
mined from  observations  upon  north  and  south  stars,  will  fur- 
nish the  data  necessary  for  the  determination  of  azimuth. 
Practically,  it  is  determined  by  elimination  from  equations 
involving  the  mean  of  all  these  stars  observed  in  each  of  the 
two  positions  of  the  instrument,  after  correcting  for  level,  and 
as  it  is  slightly  complicated  with  collimation  it  must  be 
reached  by  two  or  more  approximations.  The  errror  is  essen- 
tially positive  when  the  telescope  points  east  of  south,  and 
negative  when  west  of  south.  The  correction  applicable  to 
any  star  is  expressed  (see  formula  (130))  in  the  following 
equation : 

a  A  =  a  sin  (0  —  6)  sec  ^ ( '65) 

It  must  be  understood  that  the  declination  when  north  is 
positive  for  upper  and  negative  for  lower  culmination,  and 
that  with  south  declination  it  is  negative. 

The  right  ascension  of  stars,  as  taken  from  the  Star  Cata- 
logue,  must  be  corrected  for  diurnal  aberration,  which  equals 
0^*021  cos  0  sec  d.  This  correction  is  positive  for  upper  and 
negative  for  lower  culmination. 

The  foregoing  corrections  are  summarized  (see  formula 
(135))  in  the  following  equation: 


AT  =  a  -  {T,  +  aA  +  bB  -^^  cC). 


(I 


™ 


A,  B^  C  are  constants,  depending  upon  the  latitude  of  the 
place  of  observation  and  the  declination  of  the  star.  Tables 
for  these  quantities  will  be  found  in  an  appendix  to  Annual 
Report  U.  S.  Coast  and  Geodetic  Survey  for  1 880.  (Extract 
reprinted  herewith,  Table  LXX.) 

333.  Record  of  Time  Obsenrations. — On  pages  755  to 
757  is  an  example  of  the  form  for  record  of  observation  and 
reduction  of  time  observations,  taken  from  a  series  made  for 
the  determination  of  position  of  Rapid,  South  Dakota. 
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2*55 

6 

^^^ 

85 

2.09 

2.12 

2.16 

2.19 

2.23 

2.27 

2   31 

2.36 

2.40 

2-45 

2   50 

2*55 

5 

^H 

86 

3.09 

2,13 

2.16 

2.20 

3.24 

2.2a 

2.32 

2.36 

3.41 

2.45 

2.50 

2*55 

4 

^1 

87 

2,09 

2.13 

2.16 

2.20 

2.24 

2.38 

2.32I3.36 

2  4J 

2.4^ 

2.50 

2.56 

3 

^^1 

8S 

2.09 

2.13 

2.16 

2.20 

2    24 

2.2S 

2.32,2.36 

2.41 

2.4^> 

2.$l 

^.56 

2 

^^1 

89 

2.IU 

2   «3 

2.17 

2.20 

2.24 

2.28 

2*32,2.37 

2-41 

2.46 

2.51 

2.56 

I 

^^1 

90 

2.IO 

2.13 

2    17 

3. 30 

2.34 

3   38 

2.32   2.37 

2.4J 

2*4'J 

3. SI 

3.S6 

0 

H 

L 

J 

766 


LONGITUDE. 


Table  LXX. 
factors  for  reduction  of  transit  observations. 


i 

kl- 

«* 

6»i- 

69* 

69i*|   10- 

7^* 

2<^ 

7«l* 

^1* 
,05 

7-4* 

t  z.r ; 

i 

89* 

I* 

05 

.05 

,05 

-05 

-05       05 

05 

,05 

.05 

.05 

.<^ 

8 

.09 

09 

.10 

.10 

.10     .10 

.10 

,10 

.11 

-II 

.11 

II 

88 

^ 

.14 

M 

.14 

*I5 

•I5i      15 

.15 

.16 

.16 

.16 

.16 

.16;  87 

4 

.18 

19 

.19 

.20 

,aO|    .20 

,21 

.31 

.21 

.21 

.22 

.32      86 

5 

.33 

-23 

.24 

24 

-35    .25 

*26 

.36 

.26 

**7: 

*27 

.27  85 

6 

a? 

.S8 

.38 

.29 

.301    -31 

.31 

%l 

.32 

•52 

.yy 

.33 

S4 

7 

•32 

-33 

33 

•34 

-35I    -36 

.36 

37 

.37 

.37 

•38 

.38 

83 

8    1 

.36 

.37 

^38 

•39 

.40    .41 

.41 

42 

.43 

.43 

-43 

.44 

82 

9 

.41 

.42 

-43 

.44 

.45    .46 

.46 

.47 

.47 

48 

•49 

,49 

81 

10 

.45 

•  46 

.47 

-49 

.50    .51 

.51 

,52 

.53 

53 

-54 

55 

•• 

II 

•50 

.51 

.52 

.53 

-54     -56 

.56 

.57 

.58 

.59 

.59 

.60 

79 

12 

.54 

.56 

.57 

.58 

.59     .61 

.62 

.63 

.63 

.64 

.65 

.66 

78 

13 

*59 

.60 

,61 

•63 

.64;     .66 

.67 

67 

.68 

.69 

no 

.71 

77 

14 

.65 

M 

.66 

.68 

.691    .71 

.72 

.72 

.73 

.74 

•75 

.76 

76 

lb 

.68 

.69 

.7» 

72 

.74     .76 

'77 

.78 

.78 

79 

.So 

,81 

75 

i6 

.72 

.74 

.75 

.77 

.79[    -81 

.83 

.83 

.84 

.85 

.86 

.87 

74 

17 

.76 

.78 

,80 

.81 

^83!    .85 

.86 

.88 

89 

.90 

.91 

92     73 

i8 

.81 

.83 

.84 

.86 

.88,    .90 

.91 

-93 

.94 

95 

.90 

.97     72 

19 

.85 

.87 

.89 

.91 

•93I    -95 

.96 

,98 

-99 

1. 00 

1. 01 

1.03     71 

SO 

.89' 

•9" 

.93 

.95 

.98^1.00 

1. 01 

1.03 

1.04 

1.05 

1.06 

KOS 

TO 

31 

-94 

.96 

.98 

I.C» 

1. 03  1,05 

1.06 

1.07 

1.09 

1. 10 

i.ii 

1.13 

69 

33 

.98 

i»oo 

1.02 

1.05 

1.07  1.09 

I. II 

I.T2 

t.14 

1   15 

1.17 

I. Id 

68 

33 

1.03 

1*04 

1.07 

1.09 

1.12'  1. 14 

1,16 

1. 17 

1.19 

1,30 

1,21 

1.23 

67 

24 

1.06 

l.oq 

I. II 

K14 

].i6  I. 19 

1   20 

1.22 

1.23 

I    25 

1.27 

1.28 

66 

35    1 

t.to 

1,13 

1   IS 

lis 

1 

1.31    1.34 

1.25 

1.27 

t.28 

1  30 

1.3J 

1.33 

65 

26 

I. 15 

1. 17 

I.2C 

1.22 

I.3S    1.38 

1.30 

1.31 

1-33 

1.35 

1.36 

1.38 

64 

27 

1,19 

1.21 

1.24 

t.27 

1    30    1.33 

I  34 

1.36 

1.38 

I  39 

1.41 

1.43 

63 

38 

1.23 

1.25 

1.28 

1^31 

1.34    1.37 

1-39 

1. 41 

1.42; 

I  44 

1.46 

1-48,    62 

39 

1.27 

1.29 

1.32 

X.35 

1    38; 1.42 

t.43 

1-45 

1^47 

1.49 

1.51 

1.53     61 

80 

1*31 

1,33 

136 

1-39 

i,43i 146 

1.48 

1.50 

I   52 

t.54 

1.56 

1.58  ea 

31 

I  35 

1.38 

1.40 

1.44 

1.47  r  5» 

r.53 

1.54 

1.56 

1.58 

1.60 

1.63   59  ' 

32 

1-39 

t,42 

1.45 

1.48 

I. 51   1-55 

1. 57 

1-59 

1. 61' 

1.63 

1  65 

1.67,  58 

33 

I  42 

'45 

t.49 

I   52 

».55  1-59 

1.61 

1.63 

1.65 

1,67 

1.69 

t.72,  57 

34 

1.46 

1.49 

1.53 

1,56 

1.60  1.63 

1.65 

1.68 

1  70 

1.72  1-74 

1.76|    56 

35 

1.50 

1-53 

1.56 

1.60 

1.64   1.68 

1.70 

1.72 

1   74 

1,76 

1.78 

i.SrI    55 

36 

1.54 

1.57  i.6o 

1.64 

1.68   t.72 

1.74 

f,7«^ 

1/78 

t.8o 

1.83 

1-85     54 

37 

I>S7 

I-6T 

1,64 

I  68 

j  1.72  1.76 

1.78 

1.80 

1.83 

1.85 

1.87 

1.90     53 

38 

1. 01 

1.64 

1.68 

1.72 

I1.76;  1.80 

1.82 

1.84 

1.87 

1.89 

1. 91 

I  94     52  1 

39 

1.65 

1,68 

1.72 

1-75  1.80  1.84 

1.86 

1.88 

1.91 

1.93 

1  96 

1.9^     51 

40 

1.68 

1^72 

1.75 

t,79  1.84  1.88 

1.90 

1,93 

1-95 

t-97 

2,00 

2.031    50 

'    41 

1.71 

1  75 

1.79 

1.83  1.87   1.92 

J.94 

1.96 

1.99 

2.01 

,2.04 

2.07I    49 

42 

1*75 

1.79 

1.83 

1.87  J. 91   1-96 

1.98 

2.00 

2.03 

2.0s 

i  2,08 

2.11]    48 

43 

1.78 

1,82 

1.86 

1.90;  T-95   1.99 

2.02 

2.04 

2.07 

2.0t>    2,13 

2.i5i    47 

44 

1.82 

t.Ss; 

r.90 

K94 

1  1.98  2.03 

2.06 

a. 08 

2.11 

2.13 

3    16 

,2.191    46 

45 

1,85 

1.89 

K93 

1.97 

J  2.03.2-07 

2.09 

2.12 

2.14 

2.17 

2,20 

;2.23 

4S| 
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■ 

FACTORS   FOR 

REDUCTION    OF   TRANSIT   OBSERVATIONS, 

1 

l< 

1.38 

68* 

684- 

69* 

^4* 

7^"" 

7^*      7«i" 

Tol*   ]     71' 

7^" 

2-24 

7«1* 

2*27 

44' 

B^ 

1,92 

1,96 

2.01 

3,05 

2  10 

2.13    3.15 

2.18 

3.21 

^■47 

1,91 

1^95 

2.CX) 

2,04 

2.09 

2.14 

3.16    2.19 

2.22 

2.35 

2.37 

2.30 

'  43 

^^^ 

Pus 

t94 

1.98 

2.02 

2.07 

3.13 

3.17 

2.19    2.22 

2.25 

2.38 

2,31 

234 

43 

^^1 

r    49 

1,97 

2.01 

2.06 

2,IJ 

2.16 

2.21 

2.23 

a.  26 

a.  29 

2,32 

2.35 

2.38 

4t 

^^1 

L  *<* 

2.00 

2.04 

2.09 

2.14 

2.19 

2.24 

2,27 

2.29 

2.32 

2.35 

2.38 

2.41 

40 

^H 

^Bsi 

3.03 

2.07 

2.12 

2.17 

2.22 

2.37 

2.30 

2.33 

2.36 

2*39 

2.43 

2.45 

39 

^H 

^■S3 

2.06 

2.10 

2.15 

2.20 

2.25 

2.301   3.33 

2.36 

2.39 

3.42 

2*45 

2.48 

38 

^^1 

^■53 

2,09 

2.13 

2.18 

2,23 

2.38 

2.33    2.36 

2.39 

2.43 

3*45 

2.4S 

2.53 

37 

•^^1 

^■54 

a,  11 

2.16 

2.21 

2.26 

2.31 

2.37    2.39 

2,42 

2.45 

3,48 

2  52 

a.  55 

36 

^^1 

Hl^^ 

2,14 

2.19 

2.23 

2.29 

2.34 

2.40    2.43 

2,45 

2.48 

3.52 

255 

258 

35 

^H 

56 

2.17 

2.21 

2.26 

2.31 

3*37 

2.42,   2.45 

2.48 

2.51 

2^55 

2.5S 

2.61 

34 

^^H 

57 

2.19 

2.24 

2.29 

2.34 

2.39 

2.45I  2.43 

2.51 

2.54 

2.5a 

2.61 

2.64 

33 

^^^ 

58 

2,22 

2,26 

3.32 

2.37 

2.42 

3.48!   3.51 

2*54 

2-57 

2.6r 

2.64 

2.67 

32 

^^1 

59 

2.24 

3.29 

2.34 

2.39 

2.45 

2.511  2-54 

2.57 

2.60 

2-63 

3.67 

2.70 

31 

^^1 

U.6a 

2.26 

2.31 

2.36 

2.42 

2.47 

2.53  a. 56 

2*59 

2.63 

2.66 

3.69 

2.73 

SO 

^1 

■Ui 

2.29 

233 

2,39 

2.44 

2,50 

2.56;  2.59 

3.62 

2.65 

a.69 

2.72 

2.76 

29 

^1 

2,31 

2.36 

2,41 

3.46 

2.52 

2.58  2.61 

2.t>4 

2.68 

2.71 

2.75 

2.78 

28 

^^1 

IB 

2.33 

2.38 

2.43 

2.49 

2.54 

2.60  2.64 

2*67 

2,70 

3*74 

2*77 

2.81 

37 

^^1 

-w 

2.35 

2.40 

2.45 

2.51 

2-57 

2.63  2.66 

2.69 

2,73 

2.76 

3.80 

2.83 

26 

^^H 

65 

«'37 

2.42 

2.47 

2.53 

2.59 

2.65!  t.68 

2.71 

2.75 

2.78 

3.83 

2.86 

25 

^1 

66 

2.39 

2*44 

2.49 

2.55 

2.61 

2.67 

a.70 

2*74 

2.77 

2.81 

3,84 

2.88 

24 

^1 

67 

2,41 

2,46 

2.51 

2.57 

2.63 

2.69 

2.72 

2.76 

2*79 

2.83 

386 

2.90 

23 

^^1 

68 

2.42 

2.47 

2.53 

2.59 

2.65 

2.71 

3.74 

2.78 

2.81 

2,85 

3>88 

2*93 

22 

^^^ 

69 

2.44 

249 

2.55 

2.61 

2,67 

2,73 

2.76 

2.80 

2.83 

2,87 

2.90 

2.94 

3r 

^^1 

n 

2*46 

2.51 

2.S6 

2.62 

2.68 

2,75 

2.78 

2.81 

2.85" 

2.89 

3.93 

2.96 

80 

^1 

1 

7t 

2.47 

2.52 

2.58 

2.64 

2,70 

2*77 

3.80 

2.83 

2.87 

3,90 

2*94 

2.98 

19 

^1 

■|72 

2.49 

2.54 

2.59 

2.65 

2.72 

2  78 

2,81 

2.85 

2.68 

3.92 

3*96 

3*00 

18 

• 

^^1 

■  73 

2,50 

2.55 

2.6l 

2.67 

2.73 

2.80   2.83 

2.86 

2.90 

2.94 

297 

3.01 

17 

^^^ 

■74 

2.51 

2.57 

2.62 

2.68 

2  74 

2.81;  3.84 

2.88 

2,92 

2*95 

299 

3-03 

16 

^^^ 

mh 

2.52 

2.58 

2.64 

2.70 

2.76 

2.82 

2.86 

2.89 

2.93 

2*97 

3*00 

3'04 

15 

^1 

76 

2*54 

2.59 

2,65 

2.71 

2.77 

2.84 

2,87 

2.91 

2.95 

2*99 

3.02 

3*06 

14 

^H 

77 

2.55 

2,60 

2.66 

2.72 

2.78 

2.85 

2.88 

2.92 

2*95 

3.99 

303 

3.07 

13 

^^1 

78 

2.56 

2.61 

2.67 

2.73 

2,79 

2.86 

2.89 

293 

2*97 

3*00 

3.04 

3.08 

12 

^^1 

u 

2.57 

2,62 

2.68 

2.74 

2.80 

2.87 

2.91 

2*94 

3.98 

3.02 

3.05 

3-09 

II 

^^1 

2.57 

2.63 

2.69 

2.75 

3,81 

2.88 

2,91 

2*95 

2.99 

3*02 

3.06 

3*10 

10 

^1 

8r 

2.53 

2.64 

2.69 

2.76 

3.82 

2.89 

2.92 

2.96 

3.00 

3*03 

3.07 

3  11 

9 

^1 

■  |82 

2.59 

2.64 

2.70 

3.76 

a.83 

2.90 

2*93 

2*97 

3*00 

3*04 

3.08 

3.T2 

8 

^^1 

■sj 

2.59 

2.65 

2.71 

2.77 

2.83 

2.90 

2*94 

2*97 

3'Oi 

3.05 

309 

3*13 

7 

^^H 

H84 

2.60 

266 

2.71 

2.78 

S.84 

a.91 

2.94 

2.98 

3.03 

3.06 

3.09 

3.13 

6    , 

^^1 

■■85 

2*60 

2,66 

2,72 

2.78 

2.84 

2.91 

2.95 

2.98 

3*02 

3*06 

3*10 

3.14 

5 

^1 

M  86 

2,61 

2.66 

2.72 

2,78 

2.85 

2.92 

2.95 

2.99 

3.03 

3>o6 

3*  to 

3.T4 

4 

^H 

^87 

2.61 

2.67 

2.72 

279 

3.85 

2^92 

a.95 

2.99 

3.03 

307 

3*it 

3*15 

3 

^^^ 

B^^ 

2.61 

2.67 

2.73 

2.79 

3.85 

2.921 

2.96 

2*99 

3.03 

3*07 

3*11 

3  15 

2 

^^1 

■F89 

2.61 

2.67 

2.73; 

2.79 

2.86 

2.92 

2.96 

3.00 

3.03 

3^07 

3.11 

3*15 

1 

^^1 

00 

2.61 

2.671  2.73 

1 

2.79 

2.S6 

292 

2,96 

3.00 

3.03 

3-07 

3" 

3*15 

.0 

J 

1 

L 

1 

■ 
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7ir 

.05 

7^* 

7U* 

7^1- 

7>r 

?!• 

734' 

nV 

fjf 

74- 

7*i' 

<" 

*o6 

.06 

.06 

.06 

,06 

.06 

.06 

.06 

.06 

.06 

89* 

a 

.11 

.11 

.11 

.12 

.13 

.13 

.13 

.13 

-12 

."3 

*»3 

S3 

3 

.17 

•  17 

.17 

.17 

.IS 

.18 

.18 

.18 

^19 

.19 

.19 

87 

4 

.33 

*33 

.23 

23 

.23 

.34 

.24 

.34 

•  35 

•25 

.36 

86 

5 

.38 

.38 

.39 

.39 

29 

30 

.30 

31 

•31 

•32 

.32 

85 

6 

.33 

.34 

.34 

.35 

.35 

.36 

.36 

^37 

•37 

-38 

.39 

84 

^H    * 

7 

.39 

•39 

.40 

.41 

.41 

.42 

.42 

.43 

•  44 

•44 

•45 

83 

fi 

.44 

-45 

.46 

.46 

.47 

.48 

.48 

•49 

.50 

.50 

.51 

83 

9    1 

.50 

•51 

'51 

.52 

•53; 

.53 

.54 

•55 

56 

.57 

,58 

81 

10 

.55 

.56 

•57 

.58 

.59 

.60 

.60 

.61 

.62! 

.63 

•«»4 

10 

It 

.61 

.63 

-63 

.63 

.64 

.65 

.66 

.67 

.68 

,69 

,70 

79 

12 

.66 

.67 

.68 

.69 

.70 

.71 

.73 

.73 

.74 

•75 

-77  ;  78 

'3    , 

.73 

.73 

.74 

*75, 

.76 

.77 

.78 

•79 

.80 

.83 

^83  1   77 

14 

.77 

.78 

-79 

,80' 

.83 

.83 

.84 

•85 

.87 

.88 

.89 

76 

»5 

.83 

M 

.85 

.86 

*87 

.89 

.90 

.91 

.93 

W 

.95 

75 

16 

*.88 

M 

.91 

.92 

93 

94 

.96 

•97 

•99 

r.oo 

1.03 

74 

17 

.03 

.95 

.96 

-97 

99 

I.OO 

KCI 

1.03 

1-05 

1.06 

1.08  1  73 

Id 

99 

1.00 

1.01 

1-03 

1,04 

1.06 

1.07 

1.09 

I.IO 

1.13 

1.14     73 

19 

1.04 

1.0s 

1.07 

1.08 

I  10 

1*11 

1.13 

t.15 

1. 16 

1. 19 

J. 20     75 

90 

1.09 

lai 

1.13 

1.14 

1.15 

1.17 

I.I9 

1.30 

1.23 

1,34 

1.36     70 

31 

t.14 

1.16 

1.17 

1.19 

1. 21 

I. S3 

1.24 

1.36 

t*28 

r.30 

1.32 

69 

33 

1.20 

1.21 

K23 

1  25 

1.36 

I  2di 

1.30 

1.33 

t.34 

1.36 

1.38 

66 

23 

1.25 

1.26 

1.30 

1.30 

1*32 

1*34 

136 

1.38 

r.40 

1  43 

»*44     67  1 

24 

t.30 

1.32 

1-33 
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335,  Comparison  of  Time. — After  time  has  been  thus 
observed   the   chronometers   at   the   two  stations  should  be 

compared  by  telegraph.  This  constitutes  the  auto^natic 
exchange  of  signals.  The  chronometer  at  one  station  being 
in  circuit  with  the  chronograph  and  recording  upon  it,  that 
at  the  other  station  is  switched  into  the  telegraphic  circuit, 
by  which  it  is  brought  to  the  first  station  and  switched 
into  the  local  circuit  there,  so  that  the  two  chronometers 
register  upon  the  same  chronograph,  their  beats  being  marked 
side  by  side  by  the  same  pen.  After  this  has  gone  on  for  a 
minute  or  more  the  operation  is  reversed,  the  chronometer  at 
the  first  station  is  switched  into  the  telegraphic  circuit  and 
made  to  record  upon  the  chronograph  with  the  chronometer 
at  the  second  station.  Of  course  the  observers  are  informed 
of  the  hour  and  minute  at  which  the  joint  record  upon  the 
several  chronographs  begins. 

The  arlHirary  exchange  ofsigfia/s  is  made  as  follows :  Each 
chronometer  recording  on  its  own  chronograph  as  usual,  and 
each  local  circuit  being  connected  with  the  main-line  circuit 
through  a  relay,  the  observer  at  one  station  breaks  the  circuit 
by  means  of  the  main-line  talking-key»  which  break  is  recorded 
on  the  chronograph  sheets  at  both  stations.  The  breaks  are 
repeated  at  every  two  seconds  for  at  least  one  full  minute. 
The  operation  is  then  reversed  by  the  observer  at  the  second 
station,  making  the  breaks  which  are  recorded  at  both  stations 
as  before*  The  differences  of  time  betzaeen  the  chronometers 
the  two  stations  are  read  from  the  chronograph  sheets  at 
'each  station  and  corrected  for  error  of  the  chronometers* 
The  results  from  the  two  chronograph  sheets  will  differ  by  an 
amount  equal  to  twice  the  time  occupied  in  transmission  of 
signals.  The  mean  of  the  two  is  therefore  the  approximate 
difference  of  longitude. 

This  result  is  yet  to  be  corrected  for  personal  equatioHn 
or  the  difference  between  the  errors  of  observing  of  the  two 
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bservers.  Every  observer  has  the  habit  of  recording  a 
transit  a  little  too  early  or  too  late,  the  difference  between  two 
observers  not  infrequently  being  as  great  as  a  fourth   of  a 

econd.  To  measure  this  difference,  the  observers  usually 
eet,  preferably  at  the  known  station,  both  before  and  after 
the  campaign,  and  observe  for  time  each  with  his  own  in- 
strument, or  with  one  similar  in  all  respects  to  that  used  in 
the  campaign,  A  comparison  of  the  time  determinations 
made  by  the  two  observers  gives  an  approximation  to  the 
personal  equation, 

A  better  method,  but  one  not  always  practicable,  is  for 
the  observers,  having  completed  half  of  the  observations 
for  time  and  longitude,  to  exchange  stations  for  the  re- 
mainder of  the  work.  The  mean  of  the  results  before  and 
after  exchange  of  stations  will  practically  eliminate  personal 

h  equation. 
There  is  one  error  incident  to  this  work  which  cannot  be 
eliminated.  This  is  the  unequal  attraction  of  gravity,  or 
local  attraction^  or,  as  it  is  sometimes  called,  station  error. 
The  neighborhood  of  a  mountain  mass  will  attract  the  plumb- 
line  and  deflect  the  spirit-level  to  such  an  extent  as  to  cause 
serious  errors  in  astronomical  determinations  of  latitude  and 
time.  The  same  result  is  frequently  produced  by  a  difference 
;in  density  of  the  underlying  strata  of  rock,  so  that  station 
errors  of  magnitude  often  appear  where  they  are  not  expected. 
Indeed,  the  station  error  cannot  be  predicted  with  any  cer- 
tainty either  as  to  amount  or  even  direction. 

The  only  practical  method  of  even  partially  eliminating 
this  error  is  to  select  a  number  of  stations  for  astronomic 
location^  under  conditions  as  widely  diverse  as  possible,  con- 
nect them  by  triangulation,  and  by  this  means  reduce  all  these 
astronomical  determinations  to  one  point,  thus  obtaining  for 
this  point  a  number  of  astronomic  determinations  each  hav- 
ing a  different  station  error.     The  mean  of  these  gives  for 
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this  point  a  position  from  which — in  part,  at  least — station 
error  has  been  eliminated,  and  this  mean  position  can  be 
transferred  back  by  means  of  the  triangulation  to  the  several 
astronomic  stations,  thus  giving  each  of  them  a  position 
similarly  comparatively  free  from  station  error,  a  position  so 
determined  is  referred  to  as  b.  geodetic pmitwn. 


CHAPTER  XXXVL 


SEXTANT   AND  SOLAR  ATTACHMENT. 


J36.  Sextant. — This  is  a  hand  instrument  for  measuring^ 
thf?  angle  subtended  by  any  two  objects.  The  principie  of  (he 
easHtement  is  dependent  on  the  fact  that  the  angle  subtended 
ly  the  eye  by  lines  passing  to  it  fronn  two  distant  objects  may 
be  measured  by  so  arranging  two  glasses  that  one  object  is 
looked  at  directly,  while  the  image  of  the  other  is  seen  as  re- 
flected from  the  silvered  or  mirrored  surface  of  one  glass  to 
that  of  the  other,   and  from   the   second   to  the   eye.     The 

Efitrror  of  the  first  glass  is  then  moved  so  that  the  double  re- 
flected image  of  the  second  object  is  made  to  coincide  with 
tlie  object  as  seen  directly. 
\  The  sextant  is  espdialiy  useful  on  exploratory  surveys  and 
at  sea  because  of  its  lightness  and  portability  and  because  it 
requires  no  fixed  support.  With  it  can  be  obtained  results 
of  sufficient  accuracy  for  all  the  purposes  of  navigation 
and  of  exploratory  determination  of  astronomic  position. 
The  sextant  is  also  extensively  used  in  measuring  the  heights 
of  objects  from  the  sea  or  from  land,  and  in  measuring  horizon- 
tal angles  between  two  objects,  especially  in  hydrographic 
rveying  for  the  location  of  soundings. 

Sexfanfs  are  of  various  forms,  which  differ  according  to 

e  maker.     They  are  sometimes  made  of  wood  mounted  with 

ory,  but  such  materials  are  liable  to  warp.     The  most  satis* 

factory  sextant  for  all-round  surveying  is  made  of  brass  with 
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a  silvered  arc  of  sufficient  extent  to  permit   of  meisitrii 
angles  up  to  8o*, 

Thf^ principal faris  of  the  sextant  (Fig.  183)  are: 


Fig.  I^3,— Sextamt. 

1.  A  mirror  i\  called  the  index  glass,  which  b  rigidly 
tached  to  the  movable  arm  a,  called  the  index  arm;  also 

2.  A  mirror  A,  called  the  Iwrison  glass^  rigidly  attached  to 
the  frame  of  the  instrument;  and 

3.  The  arc  on  which  the  angles  are  read  by  means  of  the 
vernier  at  the  end  of  the  index  arm. 

The  planes  of  the  two  mirrors  are  so  fixed  as  to  be  parallel, 
one  to  the  other,  when  the  vernier  points  to  zero  degrees. 

337*  Adjustment  of  Sextant. — Among  the  more  tmpor* 
tant  adjustments  of  the  sextant  are  those  of — 

I-  The  index  glass; 

2.  The  horizon  glass; 

3.  The  telescope; 

4.  Correction  for  index  error. 
The  reflecting  surface  of  the  index  glass  must  be  perpeii* 

dicular  to  the  plane  of  graduated  arc  of  the  instrument.  To 
test  it,  set  the  index  near  the  middle  of  the  arc,  then  place  the 
eye  very  near  the  index  glass  and  plane  of  the  instruments. 
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and  observe  whether  the  reflected  image  of  the  arc  forms  a 
continuous  or  broken  line  with  the  arc  as  seen  direct.  If 
continuous,  the  glass  is  perpendicular  to  the  plane  of  the  in- 
strument. If  the  reflected  image  drops,  the  glass  is  leaning 
backward;  if  it  rises,  forward.  The  adjustment  is  made  by 
means  of  a  key  on  the  back,  the  latter  being  turned  to  the 
left  if  the  image  is  dropping,  and  to  the  right  if  rising. 

The  reflecting  surface  of  the  horizopt  glass  should  be 
perpendicular  to  the  plane  of  the  instrument.  To  test  this, 
put  in  the  telescope  and  point  it  towards  a  star,  holding  the 
instrument  vertical,  then  move  the  instrument  until  the  re- 
flected image  is  in  a  horizontal  line  with  the  direct  image.  If 
it  is  exactly  in  coincidence  with  the  direct  image,  the  horizon 
glass  and  index  glass  must  be  parallel  in  that  position,  and  as 
the  index  glass  has  been  adjusted  perpendicularly  to  that 
plane,  in  any  position.  If  they  do  not  coincide,  put  the  ad-, 
justing  key  on  the  screw  at  the  back  and  turn  to  the  right  to 
move  the  reflected  image  to  the  right,  and  to  the  left  to  mov^e 
^t  to  the  left. 

^B  To  make  the  line  of  collimation  of  the  telescope  parallel  to 
^BkiZ  plane  of  the  instrument,  the  sextant  should  be  rested  on  a 
V^lane  surface  with  the  telescope  directed  at  a  well-defined 
point  about  2$  feet  distant.  Two  objects  of  equal  height  are 
then  placed  on  the  extremities  of  the  arc,  and  these  serve  to 
establish  a  plane  of  sight  parallel  to  the  arc.  They  may  be 
two  small  sticks  of  sufficient  height  to  make  the  plane  of 
sight  of  the  same  height  above  the  arc  as  is  the  line  of  collima* 
tion  of  the  telescope.  If  the  line  of  collimation  now  inter- 
sects the  line  defined  by  the  two  pointers,  the  instrument  is  in 
adjustment*  If  not,  the  error  is  corrected  by  the  screws  on 
the  holder  of  the  telescope. 

Another  mode  of  performing  this  adjustment  is  the  follow- 
ing:  Place  a  telescope  which  has  two  wires  in  the  field  of  view 
that  are  parallel  to  each  other  and  equidistant  from  the  center 
of  the  field,  in  the  telescope  ring  of  the  sextant,  and  turn  the 
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Sight  or  pointer  wfaicli  is  set  at  an  angle  to  the  iastnimeatal 
polar  axis  equal  to  the  declination  of  the  sun  for  the  time  o( 
observation.  The  polar  axis  is  placed  at  right  angles  to  the 
tube  of  the  telescope  by  attaching  it  to  the  telescope  tube  by 
adjusting-screws.  In  a  plane  right-angled  to  the  polar  axis 
is  a  small  circle,  graduated  on  its  outer  edge  into  fractional 
24  houm  and  called  the  equatorial  or  hour  circle.  Attached 
to  the  polar  axis,  and  swinging  about  it  with  its  lower  side 
parallel  to  the  plane  of  the  hour  axis,  is  an  arm  carrying  a 
small  arc  with  vernier  attachment,  called  the  decIinatwH  arc. 

The  palar  axis  is  attached  to  the  telescope  by  a  small 
circular  disk  of  an  inch  and  a  half  diameter,  and  on  this  as  a 
pivot  rests  the  enlarged  base  of  the  axis  surrounded  by  the 
hour  circle,  the  disk  being  attached  to  the  base  of  the  pivot 
of  the  polar  axis  by  four  capstan -headed  screws  which  serve 
to  adjust  the  polar  axis.  The  hour  circle  can  be  fastened  at 
any  point  desired  by  two  flat-headed  screws  on  its  upper  side, 
and  the  hours  marked  upon  it  are  divided  into  5  minutes  of 
time,  which  arc  read  by  a  small  index  fixed  to  the  declination 
circle  and  moving  with  it.  The  declination  arc  is  of  about  5 
inches  radius,  divided  into  30  degrees,  reading  by  the  vernier 
to  single  minutes.  It  is  attached  to  the  polar  axis  by  a 
hollow  cone  or  socket  moving  snugly  upon  it  by  a^ilied*head 
screw  on  top,  and  to  this  is  securely  fastened  the  declination 
arc  by  two  large  screws.  The  declination  arc  has  two  lenses 
and  two  silver  plates  on  which  equatorial  and  hour  angles  are 
ruled  by  parallel  lines  at  right  angles  on  two  opposite  ends 
of  the  radial  arms  of  the  sector;  it  has  also  a  clamp  and  tangent 
movement,  and  the  declination  arc  may  be  turned  on  its 
axis  and  one  or  the  other  of  the  solar  lenses  used,  according 
as  the  sun  is  north  or  south  of  the  equator* 

341.  Adjustment  of  Burt  Solar  Attachment — The  ad- 
justments of  a  solar  are  simple.  These  are  first  to  make  the 
lines  of  collimation  parallel  to  each  other  and  at  right  angles 
to  the  polar  axis^  when  the  declination  arc  reads  zero ;  and 
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Frc,  184.— Gjtaphic  Illustration  of  the  Solar  Attachment. 
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second,  to  make  the  polar  axis  perpendicular  to  the  telescope. 
In  addition,  the  ordinary  adjustments  of  the  telescopic  alidade 
must  be  made. 

The  lines  of  collimaiion  are  made  pmnilUl  by  making  each 
line  parallel  to  the  edges  of  the  blocks  containing  them.  This 
is  done  by  removing  the  dech'nation  bar  or  bar  carry^ing  the 
lines  of  collimation,  which  is  done  by  removing  the  clamp  and 
tangent  screws  and  the  conical  center  with  the  small  screws 
by  which  the  arm  is  attached  to  the  arc.     Then  a  bar  which 
is  furnished  with  each  instrument,  called  the  adjusting- bar,  is 
substituted  for  the  declination  arm  ;  and  the  conical  center  bar 
screwed  into  its  place  at  one  end  and  the  clamp-screw  into 
the  other  are  inserted  in  the  hole  left  by  the  removal  of  the 
tangent  screw.     The  arm   is  then  turned  so  as  to  bring  the 
sun  into  one  line  of  collimatton,  and  then  the  bar  is  quickly 
revolved  or  turned  over,  but  not  end  for  end.      If  the  image 
still  falls  in  the  square,  the  line  of  coiHmation  is  parallel  to  the 
two  edges  of   the   blocks.      If   not,    the  silver  disk  must  be 
moved  through  half  the  apparent  error  of  the  sun's  image,  and 
the  same  operation  repeated.     Then  the  bar  must  be  reversed 
end  for  end  by  the  opposite  faces  of  the  blocks  upon  it,  and 
the  other  line  of  collimation  adjusted  until  the  image  will  re- 
main in  the  center  of  the  equatorial  lines. 

To  adjust  the  polar  axis  the  instrument  is  first  carefully 
leveled*  the  tangent  movement  of  the  vertical  arc  of  the  tele- 
scope being  used  in  connection  with  the  leveling-screws  of  the 
striding-level  of  the  alidade.  Then  the  equatorial  centers  on 
top  of  the  blocks  are  placed  as  closely  together  as  practicable 
with  obtaining  a  distinct  view  of  a  distant  object.  Having 
previously  set  the  declination  arm  at  zero,  sight  through  the 
interval  of  the  equatorial  centers  and  blocks  at  some  distant 
object,  the  declination  arm  being  placed  over  either  pair  of 
capstan-headed  screws  on  the  under  side  of  the  disk;  now  the 
instrument  is  turned  on  its  axis  and  the  same  object  sighted, 
while  the  declination  arm  is  at  the  same  time  kept  with  one 
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hand  upon  the  object  originally  sighted.     If  the  sight  line 

,  strikes  either  above  or  below,  the  instrument  must  be  relev* 
clcd  by  the  two  capstan-headed  screws  under  the  arm  by  such 
an  amount  as  will  eliminate  half  the  error,  and  the  operation 
again  repeated  until  the  sight  strikes  both  objects  m  the  same 
position  of  the  instrument.  The  instrument  may  now  be 
turned  at  right  angles,  keeping  the  sights  still  upon  the  same 
object  as  before,  and  if  it  does  not  strike  the  same  point  when 
sighted,  the  axis  is  not  truly  vertical  in  the  second  position 
of  the  instrument,  and  the  correction  must  be  made  by  the 
capstan-headed  screws  under  the  declination  arc  by  means  of 
reversing  it  as  before. 

To  adjust  the  hour  arc^  which  should  read  apparent  time 
when  the  instrumen  is  set  in  the  meridian,  loosen  the  two  flat- 
headed  screw^s  on  top  of  the  hour  circle  and  with  the  hand 
turn  the  circle  around  until  the  index  of  the  hour  arc  reads 

I  apparent  time,  when  the  screws  may  be  fastened. 

342.  Smith  Meridian  Attachment. — As  this  is  a  telescopic 

^ solar  and  thus  permits  of  clearer  definition  of  the  sun  and 
hence  better  work,  it  is  preferred  by  many  surveyors.  This 
attachment  is  placed  on  the  left  side  of  the  transit  and  is 
attached  to  the  standard  with  a  light  plate  by  small  butting- 

1  screws,  A  counterpoise  is  placed  on  the  corresponding  right 
side,  and  both  can  be  easily  removed  when  not  in  use.  The 
solar  telescope,  C"(Fig.  1S5),  revolves  in  collars,  and  its  line 
of  collimation  and  axis  of  revolution  coincide  with  the  polar 
ixis,  PP.  These  collars  are  attached  to  the  latitude  an\  /» 
which  has  a  horizontal  axis,  the  whole  being  mounted  on  a 
frame  which  is  attached  to  the  transit  standards,  /,  /'.  On 
the  side  of  the  telescope  is  fixed  the  declination  arc,  d^  the 
vernier  of  which  is  attached  to  an  arm»  r.  which  turns  on  its 
axis  a  reflector,  r,  placed  before  the  object-glass  of  the  tele- 
scope. Both  the  latitude  and  declination  arcs  have  tangent 
screws  to  impart  slow  motion.  The  arm  holding  the  decUna* 
tion  vernier  v.^hon  placed  at  zero,  is  so  arranged  that  the  plane 
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of  the  reflector  makes  an  angle  of  45^  with  the  axis  of  the 
telescope.  If  the  telescope  b  revolved  on  its  polar  axis,  the 
reflected  line  of  colllmation  will  describe  the  celestial  eqaator, 
thus  by  setting  off  any  given  declination  north  or  south  the 
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image  of  the  sun  may  be  kept  in  the  field  of  view  from  its 
rising  to  its  setting  by  revolving  the  telescope.  The  hour 
arc,  h,  is  attached  to  the  telescope  and  revolves  at  right  angles 
with  the  polar  axis. 

343.  Adjustment  of  Smith  Meridiao  Attachment— 
These  adjustments  are  made  in  the  following  manner  and 
order,  as  arranged  by  Mr,  Hargreaves  Kippax; 

I .  The  adjustment  of  the  lim  of  cattimation  of  the  solar 
telescope  is  made  first.     It  differs  in  no  respect  from  the  like 
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adjustment  in  a  Y  level,  and  consists  in  rotating  the  telescope 
in  its  collars  until  the  intersection  of  the  center  cross-hairs 
remains  on  a  selected  object  or  point  throughout  the  possible 
extent  of  the  rotation.  In  preparing  for  this  adjustment,  the 
apparatus  may  be  revolved  bodily  on  the  axis  of  the  latitude 
arc  until  the  solar  telescope  becomes  nearly  level  or  assumes 
such  other  position  as  will  conveniently  observe  the  selected 
object  or  point.  That  sufficient  light  may  be  had,  the  re- 
flector should  be  placed  edgewise;  this  can  be  conveniently 
done  by  removing  the  lug  by  which  the  vernier  tangent-block 
is  attached  to  the  declination-arm.  The  tangent-block  and 
the  attached  vernier-arm  can  then  be  swung  so  that  the  re- 
flector shall  be  edgewise,  and  it  may  be  retained  in  that 
position  by  a  rubber  band  or  other  device.  Should  this  ex- 
pedient not  give  sufficient  light,  it  will  be  necessary  to  remove 
the  reflector  and  its  attachments,  not  by  removing  the  ring  to 
which  the  bearings  of  the  reflector  are  attached,  but  by  care- 
fully removing  the  four  screws  which  secure  the  two  caps 
over  the  journals  of  the  reflector- block.  When  replacing  these 
caps,  be  careful  not  to  screw  them  down  so  tightly  as  to  cause 
too  much  friction  on  the  journals,  else  there  may  be  danger 
of  disturbing  the  position  of  the  vernier-arm  which  is  attached 
to  the  block  by  a  small  plug-screw,  thus  creating  an  index 
error  unawares.  It  is  well  to  have  the  object  or  point  used 
in  the  adjustment  of  collimation  somewhat  remote,  to  avoid 
subsequent  error  through  focusing  on  the  son* 

2,  Having  adjusted  the  collimation,  it  is  convenient  to  see 
if  the  solar  telescope  travels  in  vertical  plane.  This  can  be 
best  done  while  the  reflector  is  removed.  Carefully  adjust 
the  plate-levels  of  the  instrument  before  attempting  this 
adjustment.  The  angle  of  a  building  known  to  be  vertical 
may  be  usedi  or»  better  still,  an  elevated  object  and  its  reflec- 
tion from  an  artificial  horizon  of  mercury  or  other  suitable 
fluid.  It  will  be  found  convenient  to  remove  the  latitude 
clamp  and  tangent  during  this  adjustment  which  is  made  by 
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the  four  pairs  of  screws  which  attach  the  frame-plate  to  the 
standard.      See  test  and  adjustment  4,  below. 

3.  The  next  adjustment  is  to  determine  whether  the  line 
of  collimation  of  the  solar  telescope  is  perpendicuiar  to  the  axis 
of  the  iaiitude  arc  upon  which  the  solar  telescope  revolves  in 
altitude.  This  adjustment  is  supposed  to  be  made  perma- 
nently by  the  maker;  the  surveyor  should  not  disturb  it 
unless  certain  that  a  change  is  needed.  Once  perfected,  the 
adjustment  will  seldom  need  attention. 

4.  To  test  tfu:  paraUelisiH  of  the  two  telescopes^  carefully 
adjust  the  transit  telescope  for  collimation  and  elevate  or 
depress  it  before  making  this  test,  A  target  may  be  used 
upon  which  two  points  are  placed  at  a  distance  equal  to  the 
eccentricity  of  the  solar  telescope.  By  training  the  transit 
telescope  on  one  point  and  the  solar  telescope  on  the  other, 
the  parallelism  of  the  two  lines  of  sight  can  be  assured. 
A  center  mark  may  be  placed  on  the  first  target,  and  the 
use  of  the  second  target  be  thus  avoided.  The  adjustment 
is  made  by  the  four  pairs  of  binding  and  butting  screws  by 
which  the  frame  carrying  the  solar  apparatus  is  attached 
to  the  standard  of  the  transit.  This  adjustment  may  dis- 
arrange the  second  adjustment  which  has  to  be  made  by 
the  same  screws »  and  it  may  be  found  necessary  to  carry 
on  both  at  the  same  time.  After  being  satisfied  of  the 
preceding  adjustments,  the  portions  detached  can  then  be 
replaced  and  attention  given  to  the  index  errors  of  the  lati* 
tude  and  declination  arcs. 

5.  To  adjust  index  error  of  latitude  arc,  set  at  zero,  clamp 
and  place  striding- level  on  telescope.  Level  with  tangent 
screw.  Reverse  the  level,  and  if  the  bubble  returns  to  first 
position,  the  axis  may  be  considered  horizontal.  If  any  de- 
viation is  noticed^  move  the  bubble  half  the  distance  by  the 
tangent  screw.  Reverse  the  level,  and  if  the  bubble  takes 
a  like  position  in  the  opposite  direction,  the  adjustment  is 
accomplished. 
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6.  T0  adjust  index  error  of  declination  arc,  set  off  the  lati* 
tude  and  observe  the  sun  on  the  meridian  by  bringing  its 
image  exactly  between  the  horizontal  lines  or  equatorial 
wires.  If  any  difference  is  noted  between  the  observed  and 
calculated  dech'nations  after  correcting  for  refraction,  move 
the  arc  by  loosening  the  three  screws  on  top  of  it  until  the 
difference  is  eliminated.     Never  attempt  to  remove  the  dec- 

ination  index  error  by  manipulating   the    small  plug-screw 
hich  attaches  the  vernier-arm  to  the  reflector, 

7,  After  adjusting  as  above,  and  making  a  careful  ob- 
servation, it  will  usually  happen  that  the  transit  telescope  zvill 
still  deviate  one  or  two  minutes /r<7w  the  meridian.  If,  on 
test,  this  appears  to  be  a  constant  error,  and  you  are  satisfied 
with  your  former  adjustments,  the  small  deviation  may  be 
considered  as  the  resultant  of  several  residual  undiscovered 
errors,  and  may  be  removed  in  the  following  manner,  Ob- 
serv^e  with  the  solar  at  9  A.M.  Turn  transit  telescope  south, 
and  note  the  error  east  or  west  of  the  meridian.  Place  transit 
telescope  on  the  meridian  with  tangent  screw.      By  means  of 

I  the  small  butting-screws  attaching  the  plate  to  the  standard 
^■niove  the  south  end  of  the  plate  east  or  west,  as  was  the 
^^rror.  until  the  image  is  precisely  between  the  wires.     Verify 

the  adjustment  by  an  observation  at  3  P.M. 
I  8.    7 0  adjust  equatorial  zifireSt  rotate  the  diaphram  carry- 

bnig  the  cross- wires  by  loosening  the  screws  until  the  image 
^Bollows  the  equatorial  wires  precisely. 

^B  344.  Determination  of  Azimuth  and  Latitude  with  Solar 
^jftttachment. — The  declination    of    the   sun   is  given   in   the 

h American  Ephemeris  or  Nautical  Almanac  and   is  calculated 
lor  apparent  noon  at  Greenwich.      It  can  also  be  determined 
from  tables  sold  by  makers  of  solar  attachments.     To  deter- 
I      mine  the   declination   for  any  other  hour  at  a  place  in  the 
I      United  States*  reference  must  be  had  to  differences  of  time 
arising   from   longitude  and  the  change  of  declination   from 
y   to   day.       The  longitude   of  a  place   and   therefore  its 
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difference  in  Itme  may  be  obtained  merdjr  from  pUtttag  on 
a  good  map,  or  from  a  watcb  which  is  kept  adjosted  within  a 
few  minutes.  The  best  time  at  which  to  use  the  solar  attach* 
ment  for  the  determining  of  a  meridian  is  not  at  no<Mi«  when 
the  sun  is  passing  the  meridian,  nor  early  or  late  in  the  day, 
when  refraction  is  greatest,  but  between  8  and  1 1  o'clock  in 
the  morning  and  1.50  and  5  o'clock  in  the  afternoon.  ^1 

The  use  of  the  solar  attachment  can  best  be  explained  I^H 
reference  to  an  example.     The  following  wxrc  prepared  l^^ 
Mr-  A*  F.  Dunnington  of  the  U.  S,  Geological  Survtry,  from 
his  (ield-notes: 

Example  for  Meridian,— Set  the  instrument  over  the 
comer  of  sections  7,  8,  17,  and  18,  T.  2  N,.  R.  5  E.,  of  the 
Black  Hills  meridian.  South  Dakota.  Level  the  transit  and 
point  the  telescope  approximately  north  with  the  aid  of  the 
magnetic  needle.  Knowing  the  latitude  of  the  place,  set  the 
same  off  on  the  latitude  arc.  Having  computed  the  declina- 
tion for  the  day  and  hour  corrected  for  refraction,  taken  from 
the  pocket  Ephemcris,  set  it  off  on  the  declination  arc.  Place 
index  at  approximate  local  mean  time  on  hour  circle.  Look 
into  the  solar  telescope  and  the  sun's  image  should  be  seen  in 
the  field  of  view,  but  not  between  the  equatorial  wires,  Norn' 
move  the  telescope  of  the  transit  into  the  meridian,  and  if  the 
horizontal  plates  have  been  set  at  zero,  any  angle  can  be  set 
off  from  the  meridian  and  the  course  run, 

Rtcord. — Aug.  4,  1898.  Long.  103**  45*-  At  7  h*  cx>m, 
A.M,,  1.  m.  t.,  I  set  off  17**  It'  N.  on  the  decl.  arc;  44'  o8|' 
on  the  lat.  arc,  and  determined  a  true  meridian  with  the  solar 
at  the  cor,  of  sees,  7,  8,  17,  and  i8»  T,  2  N.,  R.  5  E,,  of  the 
Black  Hills  meridian,  South  Dakota. 

Example  for  Latitude, — Some  minutes  before  noon 
place  instrument  in  position  and  level  as  before.  Loosen 
clamp  screw  to  the  horizontal  plate  of  the  transit.  Set  off 
the  computed  declination  for  12  M.  corrected  for  refractioiip 
^d  revolve  the  solar  telescope  in  its  collars  until  the  index 
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coincides  with  XII  hours,  making  sure  that  this  last  setting  is 
not  disturbed.  With  the  azimuth  tangent  screw  of  the  transit 
bring  the  image  in  the  field  of  view,  and  with  the  slow-motion 
screw  of  the  latitude  arc  bring  the  image  between  the  equato- 
rial lines.  As  the  image  leaves  the  wires  repeat  this  opera- 
tion until  the  image  appears  to  remain  stationary  for  a  few 
moments  before  leaving  the  wires  in  an  opposite  direction. 
At  this  moment  the  sun  has  reached  its  highest  point,  and 
the  latitude  of  the  place  is  read  direct  from  its  arc  with  the 
Smith  meridian  attachment,  and  the  colatitude  with  the  Burt 
attachment. 

i?rr£?r(/.— Aug.  31,  1897.     Long.   105°  45',     At  the  cor. 

of  sees.  13,  14,  23,  and  24,  T,  2  N.,    R,  3  E,,  of  the  Black 

Hills  meridian,   South  Dakota,    1  set    off  8"  22'  N.  on    the 

^decK  arc;  and  at  o  h*  o.  10  m.  i\M.,  L  m.  t.,  observe  the  sun 

^hn  the  meridian;  the  resulting  latitude  is  44°  02i'  N.»  which 

^K  about  o'.2i  less  than  the  proper  latitude. 

^*      345.    Solar  Attachment  to  Telescopic  Alidade.— As  an 

■     instrument  for  use  in  topographic  surveys  the  solar  attachment 

^Bas  some  advantages,  especially  in  heavily  timbered  country, 

^or  where  the  magnetic  declination   is  variable,  as  an  aid  to 

the  rapid  location  of  points  in  connection  with  the  plane-table. 

Such  locations  are  of  necessity  not  of  sufficient  accuracy  to 

permit  of  their  being  used  in  further  extension  of  triangula- 

tion,  but  they  are  of  sufficient  accuracy  ordinarily  to  permit 

of  their  being   employed   as  tertiary  control,    either  for  the 

adjustment  of  traverses  or  the   sketching- in    of    topographic 

details. 

The  solar  attachment  to  the  telescopic  alidade  is  used  chiefly 
as  a  means  of  ornniing  the  plane-table  or  placing  it  in  true  merid- 
ian when  but  one  or  two  located  points  are  visible;  in  other 
words,  without  the  solar  attachment  a  station  to  which  sights 
have  not  yet  been  taken  can  be  located  only  by  means  of  the  three- 
int  problem  (Art.  75)  or  reduction  from  three  known  stations. 
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With  the  aid  of  the  solar  attachment  a  nsectioH  hcatwn 
can  be  accurately  made  under  most  circumstances  when  two 
points  only  are  in  view.  The  method  of  procedure  is  aj 
follows,  and  is  rather  similar  to  that  employed  in  trav^ersing 
with  a  plane-table  when  a  magnetic  needle  is  used  for  orienta- 
tion :  Having  set  up  the  plane-table  at  the  point  the  position 
of  which  is  desired,  the  telescopic  alidade  is  placed  on  the 
board  with  its  fiducial  edge  parallel  to  a  true  north  and  south 
line  which  is  ruled  somewhere  on  the  paper,  and  after  the  solar 
observation  has  been  made  the  board  is  swung  into  true 
meridian  and  clamped.  Now  swing  the  far  end  of  the  alidade 
about  the  positions  of  first  one  and  then  the  other  of  the  two 
known  points,  and  drawing  lines  along  the  edge  of  the  ruler. 
the  intersection  of  these  lines  is  the  position  of  the  point 
occupied,  and  this  position  is  made  more  than  an  appro.vima- 
tion  by  the  third  check  secured  by  an  intersection  with  a  true 
meridian  line  obtained  by  the  aid  of  the  solar  attachment. 

The  unknown  factor  is  the  direction  of  the  meridian.  The 
latitude  of  the  point  may  be  determined  by  observation,  as  with 
the  solar  transit,  but  in  the  case  of  ptane-table  triangulation 
conducted  on  small  scales  and  based  on  primary  triangulation 
the  latitude  can  be  platted  from  the  plane-table  sheet  with 
sufficient  accuracy.  This  is  then  set  off  on  the  larger  vertical 
arc  of  the  telescopic  alidade  as  a  colatitude,  so  that  the  polar 
axis  when  in  meridian  may  point  to  the  pole.  On  the  declina- 
tion arc  is  set  off  the  declination  for  the  time  of  the  observa- 
tion- Now,  with  the  plane-table  leveled  so  that  revolutions 
about  its  vertical  axis  may  be  in  azimuth  only,  the  board  is 
revolved  horizontally  and  with  the  line  of  sight  about  the  polar 
axis  until  the  image  of  the  sun  is  brought  between  the  equa- 
torial lines.  Then  the  polar  axis  and  the  telescope  will  lie  in 
meridian,  and  the  instrument  may  be  clamped  and  the  meridian 
line  ruled  upon  the  board, 

345«.  Traversing  with  Solar  Alidade. — Two  forms  of  solar 
attachment  lo  the  telescopic  alidade  which  have  met  with  much 
favor  and  success  are  the  Glenn  S,  Smith  solar  and  the  H,  L, 
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ddwin  solar,  both  devised  by  employees  of  the  U.  S.  Geological 
lunty.    The  Glenn  Smith  solar  is  perhaps  the  more  accurate, 

^ut  more  cumbersome  of  the  two.  It  consists  of  an  additional 
Itachment  to  the  tripod  head  whereby  the  latter  may  be  ori- 
iled  by  a  solar  transit  set  upon  It.  Then  the  transit  is  slipped 
the   iripod   spindle   and   a  plane-table   board  substituted, 
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Fig.  I. 
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Fig.  2. 
Fig.  iBsa. — Baldwin  Solar  Audade  Attachment. 

which,  by  means  of  an  index  line  on  each  part,  falls  into  posi- 
tion and  orientation. 

The  Baldwin  solar  attachment  does  not  involve  the  tripod 
head.  The  plane-table  board  remains  at  all  times  on  the  tripod, 
and  to  the  telescopic  alidade  are  attached  an  arc,  circle  and 
mirroiT  which  transform  it  into  a  solar. 
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With  either  attacbmeot  the  object  is  to  permit  of  rapid  ori- 
entation  of  the  plane-table  board  in  true  meridian,  when  fore- 
and  back-sighls  are  taken  and  distances  plotted,  as  for  compass 
plane-table  traverse  (Art,  8i,  p.  197),  and  the  work  progresses 
in  like  routine  from  one  traverse  station  to  the  next.  The  resuh 
is  much  greater  accuracy  in  the  azimuths  of  the  trai-erse  survey. 

To  use  the  Baldwin  solar  alidade  place  it  over  the  tripod  head 
on  the  plane-table  with  the  leveling  clamp  slightly  loose,  and 
level  by  tapping  gently  on  edge  of  board  until  bubbles  are  cen- 
tral.  The  plane*iable  should  then  be  approximately  oriented 
by  use  of  the  compass  or  otherwi£e,  then  damped.  Place  the 
alidade  on  the  north  and  south  projection  line  nearest  the 
platted  location  of  the  station,  with  the  objective  end  south, 
bring  the  bubble  of  striding  level  to  center  and  read  the  arc. 
From  the  reading  subtract  the  latitude  of  place,  the  remainder 
will  be  the  degrees  and  minutes  of  the  latitude  setting. 

Set  off  on  the  solar  arc  the  declination  of  the  sura  corrected 
for  longitude  and  refraction  for  the  day  and  hour;  for  north 
declination  the  vernier  will  be  toward  the  head  of  tangent 
screw,  and  for  south  declination  toward  the  end  of  latter.  Re- 
volve the  telescope  in  its  collar  until  the  hour  circle  is  set  for 
local  time,  which  will  be  standard  time  corrected  for  longitude 
and  for  equation  of  time  (sun  fast  or  slow).  Now  unclamp  the 
plane-table  and  move  carefully  until  the  sun  is  in  the  field  of 
x-iew,  preferably  at  center  of  field,  and  midway  between  the  ex- 
treme stadia  wires.  The  table  will  then  be  oriented  and  may 
be  clamped,  and  sight  lines  be  drawn  to  the  next  traverse  station. 

If  table  can  be  nearly  oriented  by  compass  or  otherwise,  a 
slight  horizontal  movement  will  not  injuriously  affect  the  level- 
ing, but  care  in  leveling  at  the  beginning  is  necessary,  as  any 
change  affects  the  azimuth,  more  especially  if  not  level  in  an 
easterly  and  westerly  direction,  while  any  error  in  a  northerly 
and  southerly  direction  is  eliminated  when  the  first  reading  of 
the  arc  is  taken,  and  therefore  only  the  latitude  setting  is 
changed.    These  errors  are  greatly  magnified  near  midday. 
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346.  Field-work  of  Observing  Photographic  Longi- 
tude.^ — A  photographic  camera  of  particularly  stable  and  tlgid 
form  is  set  up,  so  that  the  image  of  the  moon  is  about  in  the 
center  of  the  plate,  and  a  series  of  instantaneous  exposures  are 
fnade^  allowing  such  an  interval  between  the  exposures  that 
he  moon's  images  on  the  plate  will  not  overlap;  i.e.,  from 
i^  to  2j  minutes,  according  to  the  moon's  age.  After  a  set 
of,  say»  seven  moon  exposures  the  camera  is  left  untouched 
until  bright  stars  of  approximately  the  same  declination  as 
the  moon  have  arrived  at  the  same  point  in  the  heavens. 
The  camera  is  then  opened  for  periods  of  15  to  30  seconds, 
and  the  stars  allowed  to  impress  their  trails  on  the  plate. 
These  star  exposures  should  be  repeated  four  or  five  times. 

It  is  obvious  that  if  the  local  time  of  each  moon  and  star 
exposure  be  known,  such  plate  will  give  all  data  necessary  to 
compute  the  moon*s  position  either  in  right  ascension,  declina- 
tion, azimuth,  or  lunar  distance. 

\n  placing  \,\\t  sensitive  plate  in  the  slide,  care  must  be 
taken  that  the  pointed  screws  against  which  it  rests  are  only 
allowed  to  puncture  and  not  to  scratch  the  gelatine  film, 
otherwise  the  exact  position  of  the  plate  will  be  uncertain. 
The  camera  should  be  set  up  so  that  the  moon  will,  as  nearly 
as  can  be  judged,  cross  the  center  of  the  field  in  about  seven 
or  eight  minutes,  so  that  the  resulting  photograph  will  show 
its  seven  images  distributed  on  each  side  of  the  center.  As  it 
is  difficult  to  insure  this,  it  is  a  good  plan  to  make  a  larger 
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number  of  moon  exposures,  that  the  measurer  may  select  those 
most  centrally  situated. 

If  the  star  exposures  have  been  made  first,  it  may  be  found 
that  the  moon  does  not  cross  the  field  near  the  center.  In 
this  case  it  will  be  necessary,  after  all  the  exposures  have  been 
completed,  to  move  the  camera,  so  that  the  moon  is  in  the 
center,  and  take  two  or  three  additional  exposures.  These 
are  only  for  the  purpose  of  measuring  the  radius  of  the  moon's 
image  on  the  plate. 

The  moon  exposures  should  be  instanianeous.  In  making 
star  exposures  it  is  desirable  to  take  two  sets  of  stars  in  order 
to  get  trails  both  rtorth  and  south  of  the  moon.  The  issfm- 
tial  conditions  2i\^  that  the  local  time  of  each  star  and  moon 
exposure  should  be  known  and  that  there  should  be  a  series 
of  trails  of  at  least  two  stars  on  the  plate.  To  prevent  possi- 
ble confusion  it  is  advisable  to  make  some  small  difTerence  in 
the  two  sets  of  exposures  by  putting  in  one  or  two  indicating 
exposures  of  twice  the  length  of  the  others. 

The  proper  time  for  the  commencement  of  the  star  ex* 
posures  should  be  determined  by  calculation,  not  by  looking 
through  the  sighting  arrangement.  After  the  camera  ha^ 
been  clamped  ready  for  the  first  exposure  it  should  not  be 
approached  to  a  nearer  distance  than  3  or  4  feet  until  all  the 
exposures  are  complete.  The  minimum  magnitude  of  st«r 
that  can  be  used  with  a  clear  sky  is  about  a  third-nvagnitude 
star. 

The  fallowing  details  of  the  process  and  the  appended 
example  have  been  worked  out  by  Mr.  Wm.  J.  Peters  of  the 
U.  S.  Geological  Survey  in  connection  with  Capt.E.H.H ills' s, 
(R.E.)  published  description  of  his  experiments. 

347,  The  Camera  and  its  Adjustments — The  earner* 
should  be  moderatt^ly  heavy  fur  good  work,  but  may  be 
lighter  for  approximate  or  exploratory  work.  Other  things 
being  equal,  the  longer  the  focal  length  the  larger  the  scale  of 
the  photograph,  and   hence  the  more  accurate  the  measure* 
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ments.     The  means  of  transport  available  will  probably  be 
the  guiding  factor.     The  camera  must  be  capable  of  being 
readily  turned  to  any  portion  of  the  sky  and  of  being  firmly 
clamped  in  position.      It  is  therefore  best  to  use  a  photo-sur- 
eying  camera  or  theodolite  (Art.  12$)  or  to  mount  the  body 
etween  a  pair  of  wyes  with  clamping  arrangement  in  altitude, 
the  wyes  being  on  a  base  plate  which  can  be  rotated  so  that 
e  whole  instrument  can  be  rotated. 
Provided  the  nwunting  be  strong  and  stable*  it  can  be  of 
he  roughest  character,  as  it  is  not  necessary  to  know  any- 
thing whatever  about  the  position  of  the  camera  at  the  mo- 
ent  of  exposure.     The  one  essential  is  that  the  instrument 
all  not  move  during  the  whole  time  of  exposure,  often  of  sev- 
ral  hours*  duration.     The  stand  should  be  hw,  a  height  of  20 
ches  to  the  base  plate  being  ample.     A  tripod  is  probably 
lest,   provided   it  be   firmly  braced.     The  ends  of  the  legs 
hich  rest  on  the  ground  should  be  flat,  not  pointed.      The 
gs  should  be  of  well -seasoned  wood,  this  being  more  con- 
stant under  changes  of  temperature  than  metal. 

In  designing  the  body  of  the  camera  two  points  must  be 
orne  in  mind:    first,  that  the  focus,  when  once  found,  shall 
lot  require  any  alteration  to  compensate  for  change  of  tem- 
perature;   and  secondly,   that  the  center  of  the  plate,  i.e., 
the  point  where  the  axis  of  lens  and  camera  cuts  it,  shall  not 
shift.      These  conditions  arc  perfectly  fulfilled  by  making  the 
»dy  of  stout    brass  tubing,   which  will  expand  or  contract 
symmetrically,  and  the  plate  will  therefore  maintain  the  same 
osition  with  reference  to  the  axis  of  the  instrument. 

It  may  be  observed  that  it  is  of  no  importance  to  know 
the  actual  focal  length  of  the  lens,  the  quantity  not  being 
required  in  the  formulas  of  reduction.  Some  form  of  finder^  • 
s  a  pin 'hole  and  sight- vane,  must  be  provided  to  enable  the 
ibscrver  to  direct  the  camera  so  that  the  center  of  the  field 
falls  at  any  desired  point  in  the  sky.  The  exposing  arrange- 
ment that  seems  preferable  is  a  simple  flap  shutter,  actuated 
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by  a  pneumatic  ball,  with  sufficient  leng^th  of  tubing  to  allow 
the  observer  to  keep  at  a  distance  of  about  four  feet  from 
the  camera,  and  thus  to  enable  it  to  maintain  the  high  degree 
of  stability  essential  to  success.  The  slight  shock  of  the 
opening  of  the  light  flap  or  bhnd  does  not  move  a  hca\^ 
camera  to  any  measurable  extent. 

The //fi/^-Z/iVf/rr  should  be  of  metah  and  must  be  provided 
with  some  means  by  which  the  position  of  the  sensitive  plate 
in  the  slide  can  be  readily  determined,  and  with  an  adjust- 
ment which  wilt  cause  the  plate  to  take  up  a  position  truly 
perpendicular  to  the  optical  axis.  This  is  completely  effected 
by  making  the  plate  rest  against  three  sharp-pointed  screws, 
which  puncture  the  gelatine  film  and  give  three  points  from 
which  the  position  of  the  plate  can  be  exactly  determined : 
the  necessary  adjustment  being  made  by  moving  the  screws 
in  or  out. 

The  kns  employed  must  be  one  giving  an  absence  of  op- 
tical distortion  over  a  large  field,  and  must,  therefore,  be  of 
the  doublet  form,  A  good  lens  of  this  class  would  show  no 
appreciable  distortion  up  to  a  distance  of  7^  from  the  center  of 
the  plate,  which  field  is  amply  large  for  the  purpose. 

The  following  definitions  will  aid  in  an  understanding  of 
the  adjustments  of  the  camera: 

1.  The  optical  center  of  the  plate  is  the  point  where  the 
axis  of  the  lens  cuts  it. 

2.  The  geometrical  center  of  the  plate  is  the  foot  of  the 
perpendicular  from  the  center  of  the  lens  to  the  plate. 

The  adjustments  required  are: 
K   Focus; 

2.  Finding  the  geometrical  center  of  the  plate;  and 

3.  Bringing  the  geometrical  and  optical  centers  into  coin* 
cidence. 

Of  these  i  and  2  are  accomplished  in  one  operation, 
as  follows;  The  camera  is  placed  in  a  vertical  position,  lens 
downwards,  over  a  mercury  bath*     The  plate-bolder  is  in* 
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serted  and  a  piece  of  plate  glass  is  placed,  resting  on  three 
ivoted  screws,  in  the  position  that  a  sensitive  plate  would 
ccupy.  The  camera  is  then  moved  until  the  top  surface, 
[and  therefore  the  bottom  surface,  of  this  glass  plate  is  truly 
evcl.  A  mark  is  made  at  the  middle  of  the  lower  surface  of 
he  plate»  and  by  examining  with  an  eyepiece  the  reflected 
image  of  this  mark  can  be  seen  somewhere  about  the  same 
position  as  the  mark  itself.  The  lens  is  moved  in  or  out  until 
the  image  is  brought  to  a  focus  in  the  same  plane  as  the  ob- 
ject, and  the  glass  plate  or  mark  on  it  is  moved  until  image 
and  object  coincide.  The  mark  is  then  at  the  geometrical 
center  of  the  plate  and  at  the  true  focus  of  the  lens.  The 
icenter  thus  formed  must  coincide  with  the  optical  center,  i.e., 
must  lie  over  the  axis  of  the  lens.  Should  this  be  found  not 
to  be  the  case,  the  screws  in  the  plate-holder  must  be  altered 
until  geometrical  and  optical  centers  coincide.  A  small  error 
in  this  point  will  produce  a  quite  appreciable  error  in  the 
results,  but  should  it  be  desired  to  test  it  there  are  well-known 
methods  available  which  it  is  not  necessary  to  describe  here. 
It  will,  therefore,  suffice  if  the  geometrical  center  of  the  plate 
is  brought  to  the  axis  of  the  camera.  The  points  where  the 
glass  plate  rests  on  the  three  screws,  when  adjustment  is  com- 
plete,  are  marked  on  the  glass,  and  the  latter  then  forms  a 
gauge  from  which  the  center  of  any  plate  can  be  marked  on  it 
after  exposure  and  development.  It  is  obvious  that  this  ad- 
justment is  not  one  that  js  likely  to  be  disturbed,  and  need, 
therefore,  only  be  repeated  at  rare  intervals. 

348.  Measurement  of  the  Plate. — The  measurements 
must  be  made  with  a  micrometer,  but  it  is  not  necessary  to 
enter  into  a  discussion  of  all  the  details  of  making  such  meas- 
urement of  a  photographic  plate.  The  quantities  to  be  meas^ 
tired  are  the  coordinates  of  each  moon  image  and  star  trail 
from  any  two  axes  on  the  plate,  expressed  in  any  scale.  The 
axes  need  not  be  mutually  perpendicular,  but  they  must  b^ 
straight,     A  rdseau  may  be  used,  this  being  a  plate  coated. 
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with  an  opaque  substance  and  ruled  with  two  sets  of  fine 
transparent  lines  at   intervals  of  2   or  3  millimeters.     It  is 
placed  in  contact  with  the  photographic  plate   previous  to 
development »  and,  in    that    position,   exposed   to  the  light* 
The  lines  are,    therefore,    impressed    on    the  plate  and   the 
rdseau  is  developed  together  with  the  stars.     The  method  is 
undoubtedly  a  ver>'  accurate  one,  but  is  not  perhaps  advisable* 
as  adding  another  operation  to  be  performed    in   the   fietd. 
An  alternative  method  is  to  use  a  positive  rdseau,  i.e.,  black, 
lines  on  a  transparent  ground,  and  to  clamp  the  star  pM 
and  r^seau  plate,  film  to  film,  for  measurement.     A  simple" 
method,  and  one  susceptible  of  quite  sufficient  accuracy,  is  to 
rule  two  axes  on  the  gelatine  film  with  a  fine  needle.     This 
has  the  advantage,   in  common  with  the  first  method,  that 
the  plate  can  be  readily  remeasured  at  any  future  lime. 

The  measnTtment  of  tht  coordinates  of  the  star  trails  and 
moon*s  bright  limb  call  for  no  special  remark;  the  only  diffi- 
culty met  with  is  when  attempt  is  made  to  measure  the  moon'^ 
radius  in  order  to  deduce  the  coordinate  of  the  center.  Thi 
is  a  point  which  has  given  a  considerable  amount  of  troublej 
and  calls  for  a  somewhat  detailed  notice.  The  moon's  image 
on  the  plate  is,  in  general,  not  circular,  but  is  subject  ta  twi 
distortions,  the  first  due  to  the  difference  of  refraction  on  the 
upper  and  lower  limbs,  and  the  second  due  to  the  pholc 
graphic  projection^  the  cone  of  rays  from  the  moon  through 
the  center  of  the  lens  being  cut  obliquely  by  the  plate.  The 
moon  image  on  the  plate  is  therefore  elliptical  or  very 
nearly  so. 

The  first  distortion  will  vanish  when  the  moon  is  at  a 
sufficient  altitude,  and  the  second  when  the  image  is  near  the 
center  of  the  plate.  In  this  work  a  negligible  error  may 
provisionally  defined  as  a  quantity  less  than  one  second  of  an 
arc.  In  this  case  the  quantity  sought  is  the  radius  of  the 
image  of  the  moon,  and  therefore  a  distortion  up  to  2"  iq 
the  diameter  may  occur,  which  means  that  the  moon's  alt 
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tude  atthe  time  of  exposure  must  be  at  least  30°,  and  the 
distance  of  the  image  from  the  center  of  the  plate  must  not 
exceed  2**. 

It  is  no  doubt  theoretically  possible  to  devise  a  method 
for  determining  the  position  of  the  center  of  the  moon's  image 
from  measurements  to  the  limb  on  the  supposition  that  the 
latter  is  an  ellipse.  Practically  this  has  not  been  found  a 
success,  nor  is  it  necessary,  providing  one  or  two  of  the 
images  are  within  the  requisite  2^  of  the  center,  when  they 
can  be  treated  as  circular  and  their  radii  easily  measured.  In 
the  case  of  the  other  moon,  more  remote  from  the  center  of 
the  plate,  the  distance  from   limb  to  center  of  image  can  be 

determined  by  a  simple  calculation.      It  is  therefore  required 

^Bto  have  on  the  plate  at  least  one  moon  image  within  2**  of  the 
^^center.  The  observer  will  find  no  difficulty  in  fulfilling  this 
I  condition,  which,  while  greatly  facilitating  the  measurement 
I  of  the  plate,  is  not  absolutely  essential  to  it. 
^H  The  problem  of  determining  the  radius  of  a  central  image 
^is  a  comparatively  simple  one,  and  reduces  itself  to  the  ques- 
tion of  finding  the  radius  of  a  circle  when  a  portion  of  the 
arc  is  given.  It  may  at  first  sight  be  thought  that,  if  the 
moon  be  more  than  half  fulK  the  diameter  might  be  measured 
directly;  but  this  is  by  no  means  the  case,  as  will  be  apparent 
upon  consideration.  Except  the  moon  be  absolutely  full  the 
bright  line  will  cover  only  a  semicircle,  and  therefore,  unless 
the  measurement  be  made  exactly  on  the  line  joining  the  ends 
of  the  terminator,  it  will  be  erroneous.  This  line  is  quite 
impossible  to  select  with  any  precision  on  the  plate,  especially 
if  the  moon  be  nearly  full. 

One  successful  method  is  to  rule  a  line  across  the  image 
and  measure  the  sine  and  versine.  This  is  not  very  accurate 
for  this  reason  ;  The  cord  cuts  the  limb  obliquely,  and  conse- 
quentlvi  in  measuring  its  length  in  the  micrometer,  the  cross- 
w^re  cuts  the  limb,  while  in  measuring  the  versine  the  cross- 
wirc  is  brought  up,  touching  the  limb.     The  edge  of  the  image 
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is  not  absolutely  sharp,  and   the  two  measurements  are  not 

strictly  comparable. 

A  much  superior  method,  in  which  all   the   contacts  are 

symmetrical,  is  as  follows  :  The  microscope  is  fitted  with  two 

pairs  of  cross-wires  inclined  to  each  other  at 

45°.     The   line  of  motion  of  the  micrometer 

being  along  the  wire  OB,  the  moon   image  is 

made  to  touch  OD  and  0C\    the  screw  is  then 

turned  until  EF  touches    the    limb,    and    the 

OP 
length  OP  is  thus  measured.     The  radius  ^         — -, 

^2  —  I 

It  is  to  be  noticed  that  the  measurement  of  the  radius  is 
not  necessarily  an  absolute  one.  Thus  the  observer  may 
habitually  make  the  wire  encroach  too  much  on  the  limb,  and 
so  measure  the  radius  too  small.  This  error,  however,  com- 
pletely disappears,  since  he  will  measure  the  distance  from 
the  coordinate  axis  to  the  limb  with  the  same  bias.  Hence  the 
coordinate  of  the  limb  will  be  increased  exactly  the  same 
amount  as  the  apparent  radius  is  decreased,  and  the  deduced 
coordinate  of  the  center  will  not  be  affected.  It  is  therefore 
important  not  only  that  the  same  observer  should  make  both 
sets  of  measurements,  which  may  be  regarded  as  absolutely 
essential,  but  also  that  he  should  make  them  at  the  same  time 
and  under  the  same  conditions  of  lighting. 

The  two  coordinate  axes  on  the  plate  should  be  ruled 
approximately  parallel  and  perpendicular  to  the  meridian 
through  the  center.  If,  for  the  final  result,  the  moon's  right 
ascension  rs  to  be  computed,  which  seems  to  be  the  preferable 
method,  it  will  be  readily  seen  that  much  greater  weight 
attaches  to  the  coordinates  perpendicular  to  the  meridian  than 
to  those  parallel  to  it*  It  is  consequently  desirable  to  make 
at  least  twice  as  many  readings  on  the  one  set  as  on  the 
other.  The  actual  number  of  readings  taken  must  be  left  to 
the  taste  of  the  individual  observer;  but  for  those  who  have 
no  particular  bias  it  is  suggested  that  four  readings  of  one 
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coordinate,  eight  of  the  other,  and  twenty-four  for  the  radius 
of  the  image  form  a  good  working  set.  A  plate  with  twelve 
star  trails  and  seven  moons  can  be  measured  thus  in  about 
four  hours. 

349,  Computation  of  the  Plate, — The  time  of  each  ex- 
posure and  the  measured  coordinates  of  moon  and  star  images 
and  of  the  center  of  the  plate  are  all  the  data  necessary  for 
determining  the  position  of  the  moon.  The  result  can  be 
expressed  in  any  form,  as  right  ascension,  azimuth,  or  lunar 
distance,  and  the  strictly  correct  course  would  therefore  be  to 
select  whichever  of  these  be  changing  most  rapidly  at  the 
time,  and  reduce  the  result  to  that  form. 

It  may,  however,  be  remarked  :  First,  with  regard  to  decli- 
nation, that  the  rate  of  change  of  this  quantity  is  so  variable, 
and  will  so  often  be  too  small  to  be  of  any  value,  that  the 
extra  labor  spent  in  computing  it  will  rarely  be  repaid.  Sec- 
ondly, with  regard  to  lunar  distances,  that  this  would  only  be 
applicable  to  certain  stars;  and  in  the  case  of  a  star  near  the 
same  parallel  of  declination  as  the  moon,  the  rate  of  change 
of  the  lunar  distance  is  practically  identical  with  the  rate  of 
change  of  the  moon's  right  ascension.  If,  therefore,  right 
ascension  be-  computed,  then,  to  all  intents  and  purposes,  the 
lunar  distance  is  also  computed,  and  to  give  separate  attention 
to  the  latter  would  be  a  waste  of  time.  The  best  method  to 
adopt  as  the  standard  one  is  the  computation  of  the  moon's 
right  ascension,  which  quantity  is  always  changing  at  a  practi- 
cally uniform  rate,  thus  securing  the  same  measure  of  precision 
in  the  results,  whatever  be  the  moon*s  position* 

There  is.  in  certain  cases,  some  advantage  in  taking  the 
computation  of  the  moon's  azimuth,  in  that  it  disseminates 
one  source  of  error,  as  will  be  seen  later  when  the  errors  of 
the  method  arc  dealt  with.  The  computation  is,  however, 
more  laborious,  and  it  seems  doubtful  whether  it  be  in  any 
case  worth  the  additional  labor.  The  only  occasion  where  it 
would  be  at  all  desirable  is  when  the  moon  is  at  a  considerable 
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distance  from  the  meridian,  and  the  observer  is  not  near  the 
equator. 

A^%  -P,  =  apparent  right  ascension  (R.  A.)  and  north*polar  dis- 
tance (N.  P.  D.)  of  center  of  plate; 
u,,  p^  =  apparent  right  ascension  and  north-polar  distance  of 

known  star; 
a\  p*  =  apparent  right  ascension  and  north-polar  distance  of 
unknown  star  or  moon ; 
a^  p  =  true   apparent   right  ascension  and   north-polar  dis*' 

tance  of  unknown  star  or  moon ; 
Xj  y  t=i  measured  coordinates  of  star  or  moon ; 
$^  1/==  standard  coordinates  of  star  or  moon  (i,e,,  rectan- 
gular coordinates  on  a  plane    tangent  to  celestial 
spheres   at  AP  perpendicular  and   parallel   to  the 
meridian  through  the  center,  expressed  in  parts  of 
the  radius); 
a,  b,  €,  dy€yf^  plate  constants ; 
(9  =  sidereal  time  (arc) ; 
/  =  hour-angle ; 
6  —  moon's  declination  ; 
n  =.  moon's  horizontal  parallax; 
p  =  earth's  radius; 
0'  =  reduced  latitude; 
q^  q^  =  auxiliar^^  angles. 
To  compute  the  moon  s  right  ascension  from  the  plate 
following  is  the  procedure  : 

(1)  Assume  any  epoch  for  the  plate,  conveniently  the 
sidereal  time  T  of  the  first  moon  exposure. 

(2)  The  center  of  each  star  trail  exposed  at  a  sidereal  time 
5  is  to  be  regarded  as  an  imaginary  star  whose  north-polar 
distance  equals  that  of  the  star,  and  whose  right  ascension 
=  R,  A.  of  star -^(7-  S). 

(3)  Compute  true  L.  S.  T.  of  epoch  (in  arc), 

(4)  Estimate  by  any  approximate  method  A  and 
R.  A.  and  N.  P,  D.  of  the  center  of  tlie  plate. 
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(5)  Select  three  star  trails,  of  which  not  more  than  two 
■  -can  be  of  the  same  star,  and  compute  their  ^,  /;  by  formulas: 


g^  tan  (a,  "^)sin^,^ 
cos  {P  -  q^) 


(168) 


^ 


ti:=  tan  {P-q,)\         (169) 

tan  q^  =  tan  /,  cos  («#  —  A).        ,     ,     .     (170) 

(6)  Calculate  approximately  the  six  plate  constants, 
a,  6,  Cf  dr  ft  /»  from  the  six  equations  thus  furnished  of  the 
form 

S  =  ax  ~  by  --  c\ 

tl^dx  —  ey—f\ 

viz.,  one  pair  for  each  star, 

I  (7)  With  approximate  values  of  the  constants  thus  found, 
and  the  measured  coordinates  of  the  center  of  the  plate,  calcu- 
late the  i"*  V  <^f  the  center,  and  hence  its  corrected  R.  A,  and 
.  P.  D,  form  the  approximate  formulas. 

(8)  With  the  new  ^4/"  calculate  ^.  tf  of  all  the  stars. 

(9)  The  plate  constants  can  now  be  accurately  determined 
from  the  comparison  of  the  measured  x^  }\  and  the  computed 

,  ^  for  all  the  stars,  either  by  least  squares  or  by  suitably 
grouping  the  stars  in  threes  and  taking  the  arithmetical  mean 
of  all  the  values  thus  found.  This  latter  procedure  is  practi- 
cally as  accurate  and  is  much  less  laborious, 

(jo)  Calculate  f ,  v  of  all  the  moons  and  their  a*  from  the 
iormulas 

^=P— tan'V^ (i/O 

_  g  cos  (P  -  ^) 
sin  ^ 


tan  (a'  -  A) 


(172) 


(11)  With  an  assumed  approximate  longitude  calculate  the 
moon's  declination  and  horizontal  parallax  at  time  of  each 
exposure,  and  deduce  parallax  in  right  ascension  by  ordinary 
formulas. 
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ft  e  is  thus  obtained  true  right  ascension  of  eack 

image,  and  by  adding  the  intenal  from  assumed  epoch  we 

get  moon's  true  right  ascension  at  each  exposure,  and  hence 

|H    Greenwich  M,  T.  and  longitude. 

"^         350*     Sources  of  Erron— The  degree  of  accuracy  of  tlii 

longilude,  as  obtained  from  the  photographic  plate,  is  exhibit,  _ 

^P    in  Article  351  by  examples  taken  at  a  place  whose  longitiicte 

i^  known.      For  their  better  comprehension  it  will  be  inter* 

Iesting  to  briefly  discuss  the  errors  that  the  method  is  liable 
to,  their  possible  elimination,  and  their  probable  amount. 
The  possible  sources  of  error  may  be  classified  as  follows? 
(a)  Differential  refraction; 
{b)  Aberration ; 
{t)  Flexures  of  camera; 
(J)  Want  of  stability  of  camera; 
■    f^)  Optical  distortion  of  lens; 
B   {/)  Lag  in  photographic  actiois  of  a  faint  star;' 
{g)  Error  in  estimating  position  of  center  of  platte; 
(k)  Errors  of  measurement  in  the  micrometer;         ^ 
(1)  Clock  errors  (i.e.,  local  time  and  clock  rate); 
(/)  Personal  equation  in  making  exposures; 
{k)  Movement  of  moon  during  exposure; 
(/)  Change  of  refraction  between  moon  and  star  exposures. 

{a)j  {b),  {c)  will  entirely  disappear  owing  to  differential 
nature  of  measurements  between  moon  and  stars. 

{d)  The  necessity  of  a  high  degree  of  stability  in  the 
instrument  has  already  been  insisted  upon,  and  nothing  more 
need  be  said  on  the  point. 

(e)  With  a  suitable  lens  this  source  of  error,  which  has 
been  mentioned  above,  is  quite  negligible. 

(/)  A  faint  star  will  not  act  on  the  plate  as  rapidly  as  a 
bright  one,  but  there  it  no  theoretical  reason  why  this  should 
cause  any  errors,  as  the  measurements  are  taken  to  both  ends 
of  the  star  trails. 
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{g)  This  is  unlikely  to  have  an  appreciable  effect  on  the 
result.  Should  the  estimated  position  of  the  center  differ  by 
2'  from  the  true  one,  the  position  of  the  unknown  star  or 
moon  would  be  wrong  by  a  maximum  of  about  i".  The 
resulting  error  of  position  varies  directly  as  the  error  of  the 
center,  and  as  the  square  of  the  distance  of  the  star  from  the 
center.  There  should  be  no  difficulty  in  finding  the  position 
of  the  center  within  2'. 

(//)  The  error  in  the  micrometer  may  be  due  to : 

(i)  Imperfections  in  the  screws  or  scale; 

(2)  Coordinate  axes  not  being  straight; 

(3)  Errors  of  bisection  on  the  image ; 

(4)  Errors  due  to  the  moon's  radius  not  being  accurately 
measured ; 

(5)  Distortion  of  the  photographic  film. 

Of  these  (i)  can  be  eliminated  by  well-known  methods, 
and  need  not  be  more  than  mentioned  here ;  (2)  should  not 
amount  to  a  measurable  quantity;  (3)  will  totall}^  disappear, 
in  so  far  as  systematic  errors  of  bisection  are  concerned,  if  the 
plate  be  reversed  during  the  measurement ;  (4)  has  already 
been  discussed;  (5)  has  been  proved  negligible  in  the  case 
of  the  Astrographic  Chart  plates. 

As  an  illustration  of  the  degree  of  concordance  that  may 
be  expected  in  a  series  of  micrometer  measurements  of  a 
moon  or  star  image,  the  following  set,  which  has  been  se- 
lected quite  at  haphazard,  will  be  of  interest.  They  are  the 
measurements  of  one  coordinate  of  the  moon's  limb  expressed 
in  millimeters.  As  the  length  of  the  lens  was  19.5  inches,  a 
unit  in  the  third  decimal  place  represents  very  nearly  o".5. 


Moon 

Mean. 

I 

53  024 

31 

36 

28 

32 

31 

33 

21 

53.030 

2 

49  067 

70 

6G 

71 

72 

71 

76 

61 

49.070 

3 

45.096 

92 

01 

95 

00 

94 

03 

92 

45.097 

4 

41.130 

35 

41 

35 

38 

31 

41 

28 

41  135 

5 

37  168 

62 

73 

68 

72 

65 

73 

61 

37.168 

An  inspection  of  the  above  set  will  show  that  a  mean  of ; 
series  is  not  likely  to  be  in  error  more  than  *oo2  mm.  or  t 
arc,  as  far  as  the  actual  measurements  arc  concerned. 

As  another  example,  a  set  of  measurements  for  the  radium 
of  the  moon  may  be  given.  For  the  quantity  OP  (diagram 
on  p.  800)  the  following  were  the  actual  readings  of  xIm 
measurement : 


.927 

23 

25 

24 

19 

14 

13 

u 

.924 

23 

2; 

23 

>9 

14 

t3 

15 

-933 

30 

30 

21 

20 

19 

12 

14 

I 


It  is  at  once  obvious  that  the  readings  in  the  second  half 
of  each  line  are  consistently  smaller  than  those  in  the  first 
half.  The  reason  of  this  is  found  in  the  fact  that  the  cross* 
wires  of  the  micrometer  were  not  truly  at  right  angles,  and 
consequently  measurements  taken  in  adjacent  quadrants  were 
not  identical.  The  diaphragm  carrying  the  cross-wires  was 
rotated  through  90°  between  each  set  of  four  measurements. 

To  get  a  fair  idea  of  the  accuracy  of  these  measurements 
we  must,  therefore,  combine  together  the  first  and  fourth  in 
each  line,  second  and  fifth,  etc.  We  then  get  the  following 
values  for  OP: 


.923 

'9 

19 

18 

.924 

19 

20 

•9 

.926 

25 

21 

17 

Dividing  hy  V2  —  i  to  get  radius,  we  have  radius: 

2.228  18  18  16 

2.231  18         21  18         2.223 

2.236         33         23         14         mean 

(i)  An  error  in  the  local  time  will  cause  the  same  error  in 
the  resulting  longitude,  but  an  error  in  estimating  the  clock- 
rate  may  have  a  somewhat  more  serious  effect,  inasmuch  as  it 
will  alter  the  estimated  interval  between  moon  and  star  ex- 
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sures,  and  thus  tend  to  produce  an  error  in  the  moon's 
right  ascension  and  hence  a  large  error  in  the  longitude. 

(j)  This  source  of  error  will  be  practically  negligible,  as  it 
ill  only  affect  the  longitude  by  the  same  amount. 

Suppose  the  observer  systematically  marked  the  exposures 
I  second  late.     As  this  will  apply  equally  to  moon  and  star 
ages,  it  makes  theGreenwich  time,  and  hence  the  longitude, 
.  I  second  wrong. 

(Jt)  As  the  exposure  on  the  moon  is  not  instantaneous, 

lie  image  will  move  to  a  slight,  but  quite  appreciable,  extent 

uring  the  time  the  shutter  is  open.      If  the  duration  of  the 

exposure  be  0.2  second^  the  moon's  movement  will  be  3",  and 

e  should,  therefore,  tend  to  get  a  difference  of  this  amount 

in  the  right  ascension  according  as  the  image  corresponds  to 

the  beginning  or  end  of  the  exposures,  i.e.,  according  as  the 

bright  limb  be  following  or  leading.      If  the  middle  of  the 

xposure  corresponds  to  the  recorded  clock  time,  the  moon's 

ight  ascension  will  be  in  error  by  i", 5.      Account  must  be 

ken,  therefore,  of  the  fact  that  the  effective   exposure   is 

mewhat  less  than  the  total  time  the  shutter  is  open,  and  it 

probably  not  far  wrong  to  reduce  the  amount  by  one-third; 

ence  the  error  caused  by  the  moon's  movement  is  not  likely 

to  exceed  i".     This  error  changes  its  sign  according  as  the 

bright   limb  be  leading  or  following,  and   can,  therefore,  be 

ompletely  eliminated   by  combining  plates   in  pairs  before 

nd  after  full  moon. 

(/)  If  a  considerable  time  elapses  between  moon  and  star 
exposures,  the  change  in  refraction  may  become  a  serious 
source  of  error.  To  take  the  most  unfavorable  case;  If  the 
observer  be  near  the  equator  and  the  photograph  be  taken  at 
an  altitude  of  30°,  a  variation  in  temperature  of  10°  Fahr. 
will  cause  a  change  of  about  2",$  in  refraction,  and  therefore 
about  that  amount  of  error  in  the  right  ascension.  Such 
unfavorable  conditions  as  these  would  be  very  rare,  and  in 
general  the  possible  error  would  be  only  a  small  fraction  of 
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this  amount.  This  error  disappears  if  the  photograph  be 
taken  on  or  near  the  meridian,  as  in  that  case  a  change  in 
apparent  altitude  will  not  afFect  the  right  ascension.  It  will 
also  entirely  disappear  if  the  moon's  azimuth  be  used  for 
computing  the  longitude,  but  this  would  only  be  of  limited 
application,  as,  if  the  observer  be  on  the  equator,  the  azimuth 
is  changing  too  slowly  to  dc  of  any  value. 

351.  Precision  of  Resulting  Longitude. — Ab  a  general 
conclusion  it  seems  not  unfair  to  state  that  there  is  no  one 
source  of  error  which  should  in  any  case  exceed  i'\  unless  it 
be  the  measurement  of  the  moon*s  radius.  A  limit  of  errors 
in  this  case  is  somewhat  difficult  to  fix,  but  we  shall  probaUy 
be  not  far  wrong  if  we  assume  a  limit  of  double  the  above 
amount,  and  hence  conclude  that  the  right  ascension  of  the 
moon  can  be  determined  within  4  seconds  of  time.  As  will 
be  seen  immediately,  a  higher  degree  of  accuracy  has  been 
realized  with  actual  plates. 

It  is  obvious  that  almost  all  the  .errors  could  be  materially 
diminished  if  the  method  could  be  made  a  differential  one, 
that  is  to  say,  if  a  duplicate  photograph  were  taken  with  a  sim- 
liar  instrument  at  about  the  same  time  at  a  fixed  point. 

It  now  remains  to  give  the  results  of  plates  exposed  at  a 
place  of  known  longitude,  which  is  as  follows: 


Place,  Chatham^  EngUind.      True  longitude^  2"  o8*.i3  E, 


Plate!            Date. 

No.  Moon  Images. 

Reference  Surs. 

Long,  from  Plate. 

1  1   1894,  Oct.  16 

2  , • 

3  1895.  May  2 

4           

5  1895.  May  4 

7 
7 
5 
3 

5 

aTauri;      Jupiter 
aXauri;  y  Leonis 
y  Tauri;  5  Virginis 

m. 

2 
2 
2 

2 
2 

07.1 
07.6 
09.4 
06.0 
07.0 

All  the  above  plates  were  exposed  with  camera  resting  on 
a  solid  masonry  foundation,  and  it  is  not  probable  that  quite 
such  accurate  results  would  be  obtained  in  the  field. 
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CHAPTER    XXXVIII. 

CAMP  EQUIPMENT   AND   PROPERTY. 

352.  Attributes  of  a  Skillful  Topographer.— The  skill 
of  a  topographer  is  necessarily  judged  not  only  by  his  ability 
to  perform  his  technical  duties  in  the  most  efficient  manner, 
but  also  by  the  time  and  cost  of  making  the  survey.  The 
ultimate  test  of  the  ability  of  two  men  on  the  same  class  of 
work,  providing  each  be  equally  skillful,  is  the  relative  cost 
of  their  work.  If  two  topographers  are  able  to  make  an 
equally  good  survey  of  the  same  territory,  he  is  the  more  use- 
ful who  performs  the  work  the  more  rapidly  and  cheaply.  In 
the  U.  S.  Geological  Survey  extreme  instances  of  this  have  been 
noted  where  two  men  have  been  engaged  in  the  survey  of  the 
same  region  and  have  produced  maps  of  equal  quality  on  the 
same  scale.  One  required,  however,  as  much  as  three  times 
as  long  to  obtain  this  result  as  the  other,  and  the  work  of  one 
cost  $7  per  square  mile,  and  that  of  the  other  $20  per 
square  mile.  This  great  diflference  was  due  in  large  measure 
to  their  relative  skill  in  managing  the  parties,  in  the  planning 
and  control  of  the  work  of  the  assistants,  and  in  subsisting 
and  transporting  the  members  of  the  field  force. 
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Where  the  topographer  subsists  on  the  country  by  living  at 
hotels  or  farmhouses  and  hiring  transportation,  he  need  pos- 
sess but  few  accomplishments  beyond  those  of  a  technical 
knowledge  of  his  business  and  sufficient  executive  ability  to 
enable  him  to  properly  direct  the  work  of  the  members  of  his 
party.  Where,  however,  he  subsists  in  camp,  additional 
knowledge  must  be  his,  of  that  common  order  called  "  horse- 
sense  *'  which  comes  to  those  who  are  brought  up  in  the  ways 
of  the  country  and  the  woods.  Finally,  where  the  work 
takes  him  into  inaccessible  and  unexplored  regions  he  must 
possess,  in  addition  to  the  qualifications  already  cited,  a  gen- 
eral knowledge  of  many  things  non-technical  if  he  is  to  attain 
the  relative  success  which  would  be  looked  for  in  similar  work 
in  other  regions. 

Under  these  conditions  he  must  have  z  general  knowledge 
of  all  handicrafts  with  which  he  has  to  deal,  for  he  will  fre- 
quently find  himself  unable  to  rely  upon  the  members  of  his 
party  for  the  little  matters  of  care  and  repair  of  outfit  where 
the  outside  aid  of  skilled  artisans  is  not  procuiable.  He  will 
have  to  know  not  only  how  to  harness  a  team  and  to  adjust  a 
saddle  or  pack  (Fig.  201),  but  also  how  to  repair  a  broken 
wagon  or  to  shoe  a  mule,  repair  harness  or  make  a  riding-  or 
pack-saddle.  That  he  may  make  necessary  repairs  to  the  camp 
outfit  and  instruments,  his  equipment  should  Include  such  tools 
as  will  enable  him  to  do  various  kinds  of  rough  work  in 
wood,  leather,  and  metal.  Many  of  these  are  enumerated  in 
Article  367,  but  those  which  he  may  have  to  use  in  the  repair 
of  instruments  he  must  select  according  to  his  own  judgnici 
and  skill. 

An  examination  of  the  illustrations  of  the  every-day  \\\ 
of  the  topographer  in  the  far  West  (Figs.  186,  201  and  203)  w 
give  a  clearer  idea  than  words  can  convey  of  the  nature  of  t 
travel  and  work  which  he  will  have  to  perform.      Under  s 
circumstances  nearly  all  of  the  topographers  of  the  Un 
States  Geological  Survey  have  at  one  time  or  another  h.' 
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repair  or  replace  a  broken  tripod  leg,  a  split  plane-table  board, 
an  injured  alidade  or  level.  To  replace  cross-hairs  or  make  a 
stadia  rod  are  as  common  occurrences  as  the  repair  of  a  pair 
of  old  shoes,  a  torn  coat,  or  a  broken  saddle-girth. 


Fig.  186.— Where  a  Pack-mulk  Can  Go. 

353'  Subsistence  and  Transportation  of  Party  in  Field. 
>ne  of  the  most  difficult  problems  connected  with  the  execu- 
tion of  topographic  field-work  is  the  subsistence  and  transpor- 
tation of  the  working  force.  Lack  of  judgment  or  experience 
in  this  figures  largely    in  the  output  of  the  field  force  and  the 

E|OSt  of  obtaining  a  given  result.  Where  the  party  can  live 
%n  the  country  cheaply,  that  is^  subsist  In  hotels  or  farmhouses 
and  be  transported  by  the  people  of  the  country,  the  work 
iptn  be  thus  most  economically  managed.  There  are  two 
modes  of  arranging  y>^rw^;//  for  the  services  of  the  individuals 
I  of  the  party  under  such  circumstances.  One  is  to  give  them 
a  per  diem  rate  and  to  allow  them  to  pay  their  own  living 
expenses;  the  other,  and  that  far  more  satisfactory  where 
parties  remain  in  the  field  a  long  time,  is  to  pay  the  men  by 
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the  week  or  month  and  to  subsist  and  transport  them.     By 
this  means  the  chief  of  the  party  has  larger  control  of  thi 
movements  and  time  of  his  working  force.     Subsistence  ma; 
be  had  in  various  portions  of  the  United  States  under  such  cir- 
cumstances at  from  $1.00  to  $2.50  per  day  per  man.     Single 
conveyances  may  be  hired  at  from  $1.00  to  $2,00  per  day» 
including  the  feed  of  the  animals,  and  from  $2.00  to  $4. 
per  day  for  a  team  with  heavy  wagon. 

The  other  mode  of  subsisting  a  party  in  the  field  is 
lamping,  when  tents,  cooking  outfit,  animals  and  conveyanci 
for  transportation  must  be  procured  or  the  latter  be  hired  f< 
a  period  of  time.     This  plan  must  necessarily  be  resorted  to 
in  many  regions  where  habitations  are  widely  scattered*     To 
aid  the  party  chief  in  selecting  his  outfit  the  following  mem 
randa  have  been  prepared  from  a  wide  and  varied  expericnc 
not  only  of  the  author  in  camping  in  various  portions  of  the 
United  States,  Mexico,  and  India,  but  also  from  the  expe- 
rience of  his  associates  on  engineering  work  on  railroad  and 
government  surveys, 

354.  Selecting  and  Preparing  the  Camp  Ground.  — 
When  tents  are  to  be  pitched  for  a  night  or  two  onIy»  it 
matters  little  where  they  are  placed  beyond  choosing  level 
and  well-drained  ground*  When,  however,  the  party  is  to  re* 
main  in  the  same  camp  for  several  days,  much  care  should  b^H 
exercised  in  selecting  the  best  camp  ground.  There  is  muc^* 
more  in  this  than  the  mere  choice  of  level  holding-ground  for 
the  tents,  and  considerations  which  apply  in  one  region  are 
entirely  reversed  in  others* 

In  general  the  ground  sfwuld  be  nearly  levels  having  just 
slope  enough  to  drain  well.     The  soil  should  be  preferably 
an   open,  earthy  gravel,  as   this   gives   best    underdrainagc» 
holds  tent-pins  well,  and  is  cleanly.    Sand  does  not  hold  well, 
and  loamy  or  clay  soil  is  wet  and  damp  after  a  rain»  and  \\\\ 
soaked  will  not  hold   the  tent-pins.     Moreover,  it  soon  be* 
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>mes  filthy  and  tramped  into  mud-puddles  about  the  camp 
animals  which  have  to  He  on  it.  The  camp  site  should  not 
be  near  a  town  because  of  the  lack  of  privacy  and  the  annoy- 

Ijincc  from  visitors.  Where  cattle  or  hogs  roam  at  large  it 
Hiould  be  in  a  fenced  field.  It  should  be  especially  selected 
fer  convenience  to  an  abundant  supply  of  good  water  (Art. 
37S)  and  where  fire-wood  can  be  easily  obtained  (Art.  365). 

In  the  dense,  damp  woods  of  the  North  it  should  be  in  a 
clearing,  and  in  the  burning  sunlight  of  the  South  and  West 
^B|  should  be  in  the  shade,  preferably  of  a  grove  of  trees  (Fig. 
^■[87).      It  should  always  be  on  slightly  rising  or  high  ground 
^Bto  assure  good  drainage,  and  as  between  camping  in  the  bot- 
tom of  a  ravine  or  canyon  or  on  top  of  a  ridge,  the  latter 
^^hould  invariably  be  selected.     There  it  is  less  damp  and  cold 
^Bn  early  morning,  and  there  the  sunlight  shines  last  at  night, 
^PCare   must  always  be  exercised  in  selecting  a  camp  site  to 
choose  one  easily  reached  by  wagons,  pack-animals,  etc,»  and 
w^hich  is  convenient  to  forage  or  to  pasture- land. 
^—^      355'     Tents. — The  most  satisfactory  and  comfortable  tent 
^Bor  all  general  purposes  is  a  p  X  S>  tent  with  ^-foot  tvail  and 
^extension  fly  (see  left  hand  tent,  Fig.  1 87).     The  best  pattern 
of   tents   is  that    made    by    contract    for  the    United    States 
^i\rmy.     Tents  of  fair  quality,  and  nearly  as  good  as  those  of 
^n*e  Army,  are  to  be  had  of  num^irdus  makers  in  various  parts 
^of  the  United  States.      They  should  be  of  full   12-oz.  army 
^_4uck,    warranted    free   from    sizing    and    mildew*proof.      All 
^Beams  should  be  lapped  at  least  one  inch  and  double-sewed. 
^Hhe  opening  should  be  in  the  middle  of  one  end  and  should 
^be  protected  by  flap  of  at  least  eight  inches  width  which  can 
be    tied    both    inside    and   outside.      Near    the   top    of    each 
end  should  be  a  small  opening  for  ventilation  and  for  insert-' 
ing  the   pole   (Fig.    188),    and   this    should    be    protected   in 
stormy  weather  by  a  canvas  flap  which  can  be  tied  down  over 
It  from  the  inside.     Inside  the  tent,  on  a  level  with  the  top  of 
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the  wall  all  around,  at  distances  of  two  feet,  should  be  tied 
strings,  so  that  the  wall  can  be  raised  in  warm  weather  and 
tied  up  so  as  to  allow  the  air  to  circulate  freely. 

At  the  bottom  of  the  wall  should  be  a  sod-flap  of  lighter 
duck  and  about  eight  inches  in  width.  This  is  to  keep  out 
the  wind  and  rain,  so  that  when  the  tent  is  pegged  down 
from  the  outside  this  flap  is  turned  inside  near  the  floor  or 
ground,  and  kept  in  place  by  laying  upon  it  dirt,  short  strips 
of  wood  or  stone,  or  anything  else  which  will  weight  it  down. 
The  use  of  dirt  is  not  recommended  as  it  is  liable  to  rot  and 


destrr)y  tlie  cloth.  The  rid^e-pole  should  project  about  five 
or  six  fcLt  in  front  of  the  tent,  and  be  supported  there  by  a 
third  pole,  and  the  fly  should  be  this  amount  longer  than 
the  tent — that  is,  14  to  15  feet  in  length,  so  as  to  extend 
like  a  porch  as  a  shelter  from  sun  and  rain.  An  excellent 
modification  of  this  extension  fly  is  to  so  cut  it  that  it  will 
dr(;op  downward  in  a  curved  or  turtleback  form;  then  it  will 
not  be  sup])orted  by  an  extension  ridge,  but  will  be  merely 
guyed  out  by  ropes. 

F'reciuently  for  convenience  of  transportation  or  for  light- 
ness tents  of  other  sizes  must  be  used.  In  a  large  party  it  is 
often  more  convenient  to  have  a  12  X  14  tent,  in  which  a  num- 
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ber  of  men  may  live  or  which  may  be  used  as  a  dining-tent. 
If  for  the  latter  purpose,  such  tent  need  not  be  provided  with 
a  fly.  In  very  hot  weather  the  most  comfortable  dining-tent 
is  a  simple  fly  which  forms  an  awning  as  protection  from  sun 
and  rain.  Larger  tents  than  9X9  require  at  least  two  men 
to  properly  erect  them. 

Where  tents  must  be  transported  on  the  backs  of  men  or 
animals^  they  must  be  of  especially  light  design.  It  is  then 
impracticable  to  carry  poles  unless  these  be  jointed.  Where 
wood  can  be  procured,  poles  can  be  quickly  hewn,  or  a  rope 
may  be  used  for  the  ridge  and  be  tied  to  two  trees,  and  the 
tent  hung  from  these  and  guyed  out  as  though  supported  by 
ridge  and  poles*  W^here  timber  is  not  convenient,  light 
jointed  poles  may  be  carried,  but  the  ridge  can  be  dispensed 
with,  a  rope  being  used  as  a  ridge  by  guying  it  out  to 
some  distance  in  front  and  rear.  Under  such  circumstances 
small  7  X  7  A  tents  of  8-oz-  duck  and  without  flies  may  be 
carried.  These  can  be  had  of  weights  as  light  as  6  to  8  lbs* 
to  the  tent,  and  will  furnish  shelter  to  a  party  of  three  or 
four  men  in  the  most  inclement  weather,  providing  they  are 
properly  ditched  and  have  steep  enough  inclination  to  their 
sides  to  quickly  shed  water. 

In  the  tropics  and  where  the  heat  is  great,  only  the  heav- 
iest tents  will  furnish  comfortable  protection.  A  light  tent 
or  one  of  moderate-weight  canvas  will  not  keep  out  the  burn- 
ing rays  of  a  tropic  sun.  At  least  two  or  even  three  tents 
of  brown  duck,  each  six  inches  to  a  foot  smaller  than  the 
next,  should  be  erected  one  inside  the  other  so  as  to  have  an 
air-space  of  several  inches  about  each;  then  if  the  wall  at  the 
bottom  be  raised  to  allow  circulation  of  the  air,  the  interior 
will  be  sufficiently  cool  for  comfort.  In  India  and  Persia 
tents  of  light  woolen  cloth  are  used,  and  over  the  outside  of 
these  arc  placed  tents  of  brown  duck.  These  keep  out  the 
heat,  retain  the  cool  air  of  the  early  morning  until  late  in  the 
day,  and  protect  from  the  rays  of  the  sun. 
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'  356  Specifications  for  Army  Wall  Tciits- — These  and 
the  following  specifications  are  those  issued  by  the  Quarter- 
master's Department  of  the  U,  S,  Army  to  bidders  on  con* 
tracts. 

lHmenM&ns,~H*ti%\\u  eight  (8)  feet  six  (6>  inches;  lenglh  of  ndKe, 
nine  (g)  feci:  width,  eight  (81  fcei  eleven  and  one-half  (11%)  inches;  1 
height  of  wall,  three  (3)  feet  nine  (9)  inches:  wall  caves,  two  (2)  indiesl 
wide:  height  of  door,  six  (6)  feet  eight  (8»  inches;  width  of  door«l 
ewctve  ii2)  inches  at  bottom*  four  (41  inches  at  top;  from  top  of  ndgej 
10  wall,  six  (6)  feet  six  (6)  inches. 

Materiai^To  be  made  of  cotton  duck  twenty-eight  and  one*half  (^SV^) 
inches  wide,  clear  of  all  imperfections,  and  weighing  twelve  (t2)  octnce 
to  the  linear  yard, 

ll'ork.^To  be  made  tn  a  workmanlike  manner*  with   not  less  thaql 
two  and  one-half  (2V3)  stitches  of  equal  length  to  the  inch,  made  wilh^ 
double  thread  of  five-fold  cotton  twine  well  waxed.    The  seams  to  be  not 
less  than  one  (1)  inch  in  width,  and  no  slack  taken  m  them. 

Grmnmcts. — Grommcts  made  with  malleable-tron  rings,  galvanixedtl 
musl  be  worked  in  all  the  holes,  and  be  well  made  with  four-thread  fi%*e-l 
foici  cotton  twine  well  waxed.  Sizes  of  grommels:  For  eaves,  onc-haU] 
<*/»)  inch  rings;  for  foot-stops,  three-quarter  (%)  inch  rings;  and  for 
ridge,  three-quarter  {%)  inch  nngs:  the  latter  to  be  worked  so  that  t 
center  will  measure  one  and  three-eighths  (f%)  inches  from  edcre 
roof»  so  as  to  be  in  correct  position  to  receive  spindle  of  upright  pole 

Doi>r  and  Stay  Fitces.— Door  and  stay  pieces  to  be  of  the  same  ma*j 
terial  a?*  the  tent.     Stay  pieces  on  ends  and  ridge  of  tent  to  he  six  and 
half  ibVif)   inches  square,    those  at  corners  of  lent*  at  angle  of  roof  and 
wall  to  be  eight   (8)   im  hes  wide,  let  into  the  tabling  at  the  eaves,  and 
extending  eiglu  <8)   inches  up  the  roof  and  eight  (8)   inches  down  the, 
wall;   those  on  the  sides  to  be  four  (4)  inches  wide  and  extending  six  «S 
inches  along  the  angles  beneath  the  roof  and  six  (6)   inches  along  the 
walls. 

Sod  Cloth.^Thc  sod  cloth  to  be  of  eight  (8)  ounce  cotton  duck,  eight] 
and  three-quarters  {H%)  inches  wide  in  the  clear  from  the  tabling,  and! 
to  extend  from  door  to  door  around  both  sides  and  ends  of  the  tent, 

Tabtittg, — The  tabling  on   the  foot  of  the  tent,  when  finished,   to 
two  and  one-half  (2'/-)  inches  in  w^idth. 

I'mtilator— An  aperture  four  (4)  inches  wide  and  eight  (8)  inchc^l 
long,  one  (i)  in  the  front  and  one  (i)  in  the  back  end  of  the  tent,  placed 
six  (6)  inches  from  the  top  and  tw*o  (2)  inches  from  the  center,  on  the 
right  side  of  each  end.  The  aperture  to  be  reinforced  with  eight  (8li 
ounce  cotton  duck,  and  10  have  the  edges  tnrned  in  and  stitched  alj 
around.  A  tlap  or  curtain  on  the  inside  eight  (8)  inches  wide  and  1 
teen    (14)    inches  lt»ng.    finished,   to  be   made  of  two   (2)   ply    eight 
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incc  cotton  duck»  stitched  aroynd  the  edges;  to  have  one  (i)  "  No,  i  " 
ihect-brass  grommct  placed  at  the  top  for  the  purpose  of  tying  it  up  t^ 
close  the  opening;  strings  made  of  *'  No.  2"  gilling  line  to  bf  usted  for 
ing  the  curtain  in  place. 
Door  Lines.— The  door  lines  to  be  of  six-thread  manila  line  (brge), 
ree  (3)  feet  long  in  the  clear. 
IValt  Liwf J,— Eighteen  [tS)  in  number,  tu  be  two  (2)  feet  long,  to  be 
made  of  "  No.  3  '*  gilling  line,  whipped  at  both  ends  and  placed  under 
the  eaves  on  the  seams,  for  tying  ihe  wall  up 

Daor  Fastening.— Door  fastening,  as  shown  in  sample  tent,  jo  con- 
list  of  four  (4)  double  door  sirings  of  one-fourth  ( V* )  inch  cotton  rope 
nc  (i)  foot  long,  on  each  side,  passing  through  the  door  seam  and 
iccured  by  a  "  Mathcw  VV*alker  "  knot.  Brass  grommets.  *'  No.  4."  to  be 
corresponding  position  on  edge  of  door  piece,  in  which  lo  tie  the 
oor  cords.  A  one  and  one-half  (iVi)  inch  tablinjcr  to  be  made  on  the 
ge  of  door. 

F^t'Stofn. — Fool-stops,  seventeen   (17)   in   number,   lo  be  loops  four 
(4)  inches  long  in  the  clear,  of  nine-thread  manila  line,  both  ends  pass- 
ing through  a  single  grommet,  worked  in  the  tabling  at  scam,  and  lo  be 
eld  by  what  is  known  as  the  *'  Mathew  Walker"  knot 

/itftv   Lines.— E^vc    lines,   ten    (to)    in    number,   to    be    of   six-thrcad 
namla  line  (large),  and  tu  be  eight  (8)  feet  long  in  the  clear,  with  an 
eye  four  (4)  inches  long,  >pliccd  on  one  end,  and  the  other  eno  properly 
whipped  and  furnished  with  **  No.  3  "  metallic  slip  of  Army  standard. 

The  tabling  at  bottom,  the  sod  cloth,  and  the  foot-stops  to  be  so 
arranged  that  the  sod  cloth  falls  inside  and  the  foot-stops  outside  the 
tent. 

All  lines  to  be  well  whipped  one  ( i )  mcli  from  the  end  with  waxed 
twine,  and  properly  knotted. 


357,  Specifications  for  Army  Wall-tent  Flies 

Dimefisions. — Length,  fiiteen  (15)  feet  and  six  (6>  inches.     Wultli,  nine 


10)  feet  when  finished- 
MateriaL — To    be    made   of    cotton    duck,    twenty-eight    and    one-half 
28Vs)   inches   wide,  clear   of  all   imperfections,   and   weighmg  ten    (10) 
tunces  to  the  linear  yard. 
TabhuR. — A  two  (2)  inch  tabling  lo  be  worked  dn  ends,  and  a  one 
nd  one-half  (1^2)  inch  tabling  on  sidei*, 
Grommets. — Grommcts  made  with  malleable-iron  rings,  galvanized;  to 
►e  worked  in  all  the  holes  with  four  (4)  thread  five  (5)  fold  cotton  twine, 
well   waxed.     Size   of   grommcts   for  eave   lines,   one-half   (Va)    inch   in 
diameter,  and  for  upright  spindle,  three-fourths  (%)   of  an  inch  m  di- 
ameter:   the  latter  to  be  placed  so  as  to  measure  one  and  three-eighths 
[1%)  inches  from  their  centers  to  edge  of  fiy.  so  as  'o  be  in  proper  posi- 
lion  to  receive  spindle* 
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Stay  piitit.—SUf -pieces  on  comers,  triangtilar  in  sha|>c.  chtcn  (lt)| 
inches  on  base  and  perpendicular  when  finished,  and  on  ridge  six  an 
one-half  (6%)  inches  finished. 

IVork.^The  fly  is  to  be  made  in  a  workmanlike  manner  in   evcrjr' 
reipect,  with  not  less  than  two  and  a  half  (2Vt)  stitches  of  equal  Icn^h 
to  the  inch,  made  with  double  thread  of  five  (5)  fold  cotton  twine,  well 
waxed. 

Seams.— The  seams  not  less  than  one  (t)  inch  in  width  and  no  %h 
taken  in  them. 

Bai'f  Lines. — Eave   Imes,   ten    (10)    in   number,  to   be   of   six-thread 
manila  line  (large)  and  be  seven  (7)  feet  long  in  the  clear*  wtth  an  ey 
spliced    on    one   end«    four    (4)    inches    long,    the    other    end    properlj 
whipped*  and  furnished  with  a  metallic  slip  No.  j.  Army  standard. 

All  hncF.  1*1  be  well  whipped  one  (i)  inch  from  the  end  with  w^axcd 
cotton  twine  and  properly  knotted. 

358.  Specifications  for  Army  Wall-tent  Poles, 

A  set  of  poles  to  consist  of  I  wo  (2)  uprights  and  one  (i)   ridge^ 
former  to  be  made  of  ash  or  white  pine,  and  the  latter  of  white  pine, 
clear,  strait  grained,  and  free  from  knots  or  other  imperfections, 

Ridge.—Rldge  nine  (9)  feet  long,  two  and  three-quarters  (2%)  Inchc 
wide,  two  (2)  inches  thick;    on  each  end  a  band,  two  and  three  quarters^ 
ii%)  inches  wide,  of  galvanized  iron,  secured  by  four  (4)  one  and  onc- 


Frc.  1S9.— RiDCE  AKD  Pole  for  Wall  Tent. 

quarter  (t%)  inch  copper  nails.  A  five-eighths  (%)  of  an  inch  hole 
bored  through  at  a  distance  of  one  and  one-quarter  uV*)  Inch  from  each 
end  for  the  spindli?  of  uprights. 

Uprights. — Uprights  octagonal,  ten  (10)  feet  long  and  two  (2)  inches 
thick;  band  of  galvanized  iron,  two  and  one-quarter  {2V4}  inches  wide* 
on  upper  ends,  secured  by  two  (2)  one  (i)  inch  screws.  Spindle  of  one* 
half  C/ji)  inch  round  iron,  galvanized,  driven  three  (3)  inches  into  upper 
ends  and  projecting  four  (4)  inches. 

At  set  of  pins  for  wall  tent  to  consist  of  ten  (10)  pins  twenty-four  (24) 
inches  double-notched,  and  eighteen  (18)  pins  sixteen  (16)  inches  single- 
notched, 

359.  Specifications  for  Army  Shelter  Tents  (Halves). 

Material — To  be  made  of  Army  standard  cotton  duck,  tJiifty-three 
(jj)  inches  wide,  weighing  from  seven  and  nne-hfttf  (jW  to  right  (S> 


SFECIFICATWNS  FO/^   ARMY  SHELTER   TENTS.        823 

Etnces  to  the  linear  yard,  and  capable  of  sustaining  a  strain  of  seventy- 
two  (72)  pounds  in  the  warp  and  thirty  (30)  pounds  in  the  filling  to  the 
one-half  (Va)  inch,  counting  not  less  than  fifty-two  (52)  threads  warp, 
and  forty-eight  (4$)  threads  filling  to  the  square  inch. 

Dimensions  and  iVorkmanship. — To  be  about  sixty-five  (65)  inches 
long  on  the  ridge,  and  about  sixty-one  (61)  inches  wide  when  finished. 
The  center  seam  to  overlap  one  (i)  inch. 

The  four  corners  and  center  at  the  bottom  of  each  half  lent  to  be  re- 
inforced with  pieces  of  the  same  material  firmly  sewed  on;  said  pieces  to 
be  about  four  (4)  inches  square  when  finished. 

The  top  or  ridge  to  have  a  tabling,  three  and  one-half  (3*4)  inches 
wide,  and  the  bottom  edge  to  be  turned  in  and  hemmed,  making  a  three- 
eighths  (%)  inch  seam  neatly  and  securely  sewed, 

To  have  two  (2)  grommet  holes  worked  at  each  corner  and  at  center 
bottom.    The  two  grommet  holes  at  the  top  and  front  to  be  one  and 
tirec-fourths  {1%)  inches  to  the  center  from  the  top.  and  the  first  hole 
^ne-half  (%)   inch  from  the  edge,  and  one  and  one-eighth   i\%)   inches 
m  center  to  center  apart.    The  two  grommet  hole>  at  the  lop  and  rear 
be  one  and  three-fourths  (1%)  inches  from  the  top;   the  first  hole  one- 
Jalf  (V2)   inch  to  center  from   ihe  edge,  and  one  and  one-eighth   (tV«) 
^ches  from  center  to  center  apart.     Along  the  bottom  all  the  grommet 
fcoJes  to  be  one  (i)  inch  from  the  bottom  to  the  center,  the  first  hole  at 
he  front  one  (i)  inch  from  the  zd^t,  and  about  one  and  one-half  (iV«) 
aches  from  center  to  center  apart;   the  middle  holes  to  be  one  and  one- 
half  (I'A)   inches  from  center  to  center  apart,  and  the  rear  holes  to  be 
one   (i)   inch   from   edge  to   center,   and   about   one   and   one-half   (1V2) 
inches  from  center  to  center  apart. 

The  closed  end  to  measure  three  (3)  feet  eleven  (11)  inches  from  ridge 
base,  and  three  (3)  feet  seven  f?)  inches  along  the  base;  the  grommet 
holes  in  this  end  to  be  one  (i)  inch  from  the  edge  and  one  and  one- 
half  (1V2)  inches  from  center  to  center  apart.  All  smaller-size  grommet 
holes  to  be  worked  over  a  three-eighths  (%)  inch  galvanizcd-iron  ring, 


Fig,  190.— Skelter  Tents. 

_with  two  (2)  ply  of  five  (5)  fold  cotton  twine,  well  waxed;    and  the  two 

2)  larger  grommet  holes  made  to  receive  the  shcker-tent  poles  over  a 

ve-«ighths  (%)  inch  galvanized-iron  ring,  worked  with  two  (2)  ply  of 

five  (5)  fold  cotton  twine,  well  waxed.     To  have  nine  (9)  buttons  and 
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buttonholes  along  the  top,  the  first  buttonhole  to  be  one-half  (Vt)  indi 
from  the  top,  and  three-fourths  (^)  inch  from  the  edge;  the  others 
about  seven  and  seven-eighths  (7%)  inches  apart,  with  a  white-metal 
button  below  each  buttonhole,  three  (,|)  inches  from  the  edge. 

The  side  of  each  half  tent  to  have  seven  (7)  buttons  and  buttonholes, 
the  side  buttonholes  to  be  worked  one- half  (Va)  iiich  from  the  edge*  ibe 
first  buttonhole  to  be  about  eight  (8)  inches  from  the  bottom,  and  the 
others  spaced  about  seven  and  one-half  (7Vi)  inches  apart.  The  buttons 
to  be  firmly  sewed  on  about  three  and  one-half  (.lV«)  inches  from  the 
edge.  Along  the  closed  end  there  shall  be  seven  (7)  buttons  and  bmion- 
holes,  the  first  buttonhole  to  be  about  five  (5)  inche;*  from  the  top.  and 
all  to  be  about  one-half  Wh)  inch  from  the  edge,  and  spaced  about  six 
(6)  inche*^  apart:  and  the  buttons  to  be  about  two  and  one-haU  (2%) 
inches  from  the  edge,  and  spaced  about  six  (6)  inches  apart. 

Each  half  tent  to  be  furnished  with  a  guy  line,  and  four  (4)  foot-stopf, 
made  of  6-thread  manila  line,  about  one-fourth  (Vt)  inch  in  diameter: 
the  former  about  six  (6)  feet  seven  (7)  inches  long  in  the  clear  with  an 
eye-splice  of  about  two  (2)  inches  at  one  end:  each  foot-stop  to  be  abaui 
sixteen  (16)  inches  long  in  the  clear,  all  whipped  at  both  ends.  All  sew- 
ing, including  buttonholes,  to  be  done  with  W,  B,  linen  thread,  good 
*tuality.  No.  70, 

360.  Specitications  for  Army  Shelter-tent  Poles- 

A  set  of  Shelter  Tent  Poles  shall  consist  of  two  (2)  uprigbis.  mate^ 
round,  about  one  (r)  inch  in  diameter,  when  joined  to  make  a  pole  forty* 
six  (46)  inches  in  length  from  lower  end  to  shoulder  at  top,  with  a  neatly 
turned  spindle  at  lop  about  one  (i)  inch  long  and  one-half  (V^)  melt  in 
diameter,  making  a  total  length  of  forty-seven  (47)  inches. 


Fig.  191.— Jointed  Shrlter-tent  Polks. 
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Each  upright  to  be  in  two  parts  of  about  equal  length,  about  iwo 
and  one-half  (2^0  inches  bevel,  and  joined  in  a  tin  socket  four  (4)  ittches 
long,  made  of  twenty-three  (23)  gauge  tin  (U.  S.  standard  gaogei. 
joined  by  a  groove  seam,  neatly  turned  and  soldered  full  length  of  seiiin. 
and  secured  to  lower  part  of  the  pole  by  two  (2)  tacks,  neatiy  and 
squarely  driven. 

Thi^  pole  to  be  of  poplar  wood,  free  from  knot^,  and  smoothly 
finished. 
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361,  Erecting  the  Tent — To  properly  set  up  a  tent  i> 
bould  be  taken  by  the  ridge  and  dragged  away  until  laid  out 

lat.  The  ridge-poles  should  be  inserted  through  the  ventila- 
tion-holes, the  supporting  poles  inserted  in  the  ridge-pole, 
and  the  whole  raised  and  the  corners  at  once  guyed  out. 
The  corner  ropes  by  which  the  tent  is  first  stretched  should 
be  drawn  in  a  diagonal  direction  so  as  to  make  an  angle  of 
|bout  45''  with  the  walls.  The  door  should  be  tied  up  so 
lat  the  tent  may  be  given  its  proper  shape,  and  the  wall* 
)mer  loops  pegged  down  and  door  fastened  to  hold  the 
i^hotc  m  place.  Then  the  side  ropes  should  be  guyed  out 
and  the  tent  stretched  taut  by  tightening  a  little  on  each 
>pe  at  a  time. 

The  fly  must  be  laid  over  the  tent  when  on  the  ground, 
id  be  raised  with  it.  Then  it  must  be  so  stretched  as  to 
>uch  the  tent  at  no  point  excepting  at  the  ridge,  while  at  the 
ives  it  should  be  from  6  to  lO  inches  above  the  roof  of  the 
cnt,  (Fig.  187/)  This  result  can  be  obtained  by  several 
let  hods.  One  is  lo  use  pegs  with  two  notches,  on  the  lower 
^f  which  the  tent-guys  are  fastened,  and  on  the  upper  the  fly- 
iuys;  or  an  additional  row  of  pegs  may  be  set  a  foot  beyond 
the  tcnt'pegs  for  the  support  of  the  fly-guys.  Where  much 
rain  or  heat  is  encountered,  short  crotch ed  poles  about  10 
fiches  longer  than  the  height  of  the  wall  should  be  cut  and 
"one  of  these  be  set  under  each  of  the  corner  fly-guys  to  raise 
the  fly  away  from  the  tent  roof.  As  a  protection  in  high 
rinds  long  guys  should  be  stretched  from  each  end  of  the 
idge-pole  in  front  and  rear,  otherwise  storms  blowing  end  on 
lay  carry  the  tent  away. 

362.  Tent  Ditching  and  Flooring. — Where  the  ground  is 
fioist  or  rains  are  to  be  provided  against,  the  tent  must  be 

"ditched  in  order  that  the  water  shall  not  run  under  it  and  wet 
the  soil  inside  the  tent ;  and  where  the  camp  is  to  remain  in 
the  same  place  for  some  time,  the  comfort  of  the  party  will  be 
greatly  increased  by  adding  a  floor  to  the  tent.     To  ditch  a 


826 


CAMF  EQUIPMENT  AND  FROFBHTY, 


tent  a  sharp  s^pad 


W7:mmW 


mattock  should  be  used»  and  the  soil  be 
cut  squarely  or  vertically  just  outside  the  foot 
of  the  walK  (Fig.  192.)  The  soil  should  be 
pitched  away  and  an  easy  slope  left  on  the  out- 
side of  the  spade-cut.  Dirt  should  never  be 
banked  up  against  the  outer  wall  of  the  tent,  as 
it  rapidly  rots  and  destroys  the  canvas.  The 
ditch  should  be  cut  sufficiently  deep  to  assure 
its  carr>'ing  off  any  ordinary  rainfall,  and  should 


FfG»  191.— Sod-  ^^  made  deep  or  shallot'   in  various  pans  ac- 

CLOTH         AND  ^  ^ 

Ditch.  cording  to  the  slope  of  the  ground,  so  that  its 

bottom  may  have  a  uniform  slope  towards  the  lowest  ground. 
At  such  point  the  ditch  should  be  carried  away  from  the  tent 
a  short  distance  in  order  to  assure  egress  of  the  water  from 
the  ditch. 

The  comfort  of  the  occupants  of  the  tent  is  increased  by 
using  a  small  strip  of  canvas  or  similar  material  as  a  floor  on 
which  to  stand  in  dressing.  Still  better  is  a  canvas  floor  of  the 
full  si^e  of  the  interior  of  the  tent,  and  this  can  rest  upon  the 
sod- cloth  to  keep  out  the  wind.  .  Where  facilities  for  trans- 
portation permit,  a  wooden  floor  of  tongue -and -grooved  planks 
the  length  of  the  tent — say  9  feet — and  fastened  together  by 
cleats  in  sections  of  3  feet  width  may  be  provided.  These 
3  X  9- foot  sectional  floors  can  be  easily  handled  in  mov'mg, 
and  the  whole  tent  can  be  floored  with  them  or  only  one  or 
more  sections  be  placed  in  the  space  between  two  cots. 

A  still  more  subsiapitiai  floor  for  a  permanent  winter  camp 
consists  in  laying  2X4  scantling  as  floor-joists  and  planking 
these  over  so  as  to  make  a  full  floor  which  shall  extend  out* 
side  the  canvas  walls.  The  rain  will  run  under  this,  and  a 
little  carpet  or  canvas  on  it  will  keep  the  wind  out.  At  each 
comer  a  2  X  4  joist  should  be  erected  the  height  of  the  wall, 
and  these  corner  posts  should  be  connected  by  smaller  scant- 
ling so  as  to  form  a  railing  the  height  of  the  wall.  Over  this 
the  tent  will  be  stretched,  the  framing  of  scantling  holding 
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it  out  in  shape.  It  is  unnecessary  except  in  very  high 
winds  to  guy  out  tents  stretched  in  this  manner,  the  guys  to 
the  fly  being  sufficient  protection. 

363.  Camp  Stoves,  Cots,  and  Tables.— The  most  com- 
fortable camp  stove  is  the  oil-heater.  With  this  it  is  unnec- 
essary to  cut  any  hole  in  the  tent  as  an  outlet  for  a  smoke- 
pipe.  It  can  be  quickly  lighted  and  extinguished,  furnishes 
sufficient  heat,  and  can  be  moved  to  any  part  of  the  tent  with 
ease.  Where  oil  cannot  be  carried  for  such  a  heater,  a  Sibley 
stove^  made  of  sheet  iron  similar  to  that  used  in  making  stove- 
pipes, is  one  of  the  most  simple  and  satisfactory  heaters. 
This  can  be  made  by  any  tinner,  is  conical,  the  top  being  of 
the    dimensions  of  ordinary  small  stove-pipe  (Fig.  193),  the 
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193. — Tent  Stove  and  Pipe. 

bottom  18  inches  in  diameter,  and  the  height  about  3  feet.  A 
small  hinged  door  must  be  cut  and  fitted  in  one  side  of  this 
conical  heater,  the  bottom  being  left  open.  In  other  words, 
it  is  an  inverted  funnel  of  stove-piping  which  rests  on  the 
bare  earth.     The  sticks  of  wood  are  placed  in  it  on  end  and 
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rapidly  ignite  and  produce  a  strong  heat.  The  fire  is  easily 
controlled  by  banking  up  the  outer  edge  of  the  stove  at  the 
buttom,  so  as  to  prevent  the  ingress  of  the  air,  thus  at  once 
dampening  it,  or  by  digging  away  the  earth  underneath  it  a 
httle,  so  as  to  admit  the  air,  when  the  fire  quickly  draws  up. 

The  stot^e-pipe  may  be  carried  with  a  joint  through  one  end 
of  the  tent.  In  this  way  the  canvas  will  not  be  injured  as 
wh'^n  it  is  carried  up  straight  through  the  roof,  thus  introduc- 
ing danger  of  fire  from  sparks  and  admitting  rain  around  the 
pipe.  In  order  to  protect  the  canvas  from  burning  by  the 
licat  of  the  pipe,  a  rectangular  hole  should  be  cut  in  the  can- 
vas on  three  sides,  the  fourth  side  uf  the  hole  being  left  so 
that  the  canvas  can  be  turned  down,  and  when  the  pipe  is 
removed  it  can  be  laid  back  again.  On  cither  side  of  the  canvas 
surrounding  this  hole  there  should  be  fastened  by  rivets  or 
wire  thread  a  sheet  of  tin  with  a  circular  hole  sufficiently 
large  to  permit  the  passage  of  the  stove-pipe. 

The  most  convenient  camp  bed  is  a  spring  cct,  w*herc  such 
can  be  transported,  or  one  of  the  various  forms  of  folding 
cots.  Where  for  convenience  of  transportation  cots  cannot 
be  carried  and  where  hay  can  be  procured,  this  or  straw  makes 
an  excellent  couch  on  which  to  lay  the  blankets,  first  placing 
canvas  beneath  these  to  protect  them  from  particles  of  hay. 
In  the  pine  and  fir  forests  of  the  North  a  bed  of  houghs  can  be 
made  by  breaking  off  the  small  twigs  from  spruce  or  balsam 
boughs  and  laying  these  on  end  with  the  butt  in  the  ground, 
their  length  not  exceeding  12  to  i6  inches.  When  enough  of 
these  are  laid  in  this  manner,  one  close  against  the  other,  they 
make  a  substantial,  warm,  springy  mattress.  A  less  comfortable 
couch  of  -spruce  or  balsam  boughs  may  be  made  by  cutting  these 
in  lengths  of  2  feet  and  laying  them  with  the  leaf  ends  to  the 
center  and  the  butts  out,  crosswise  of  the  bed,  in  such  man- 
ner that  the  butts  project  to  either  side. 

Various  forms  of  folding  camp  tables  may  be  purchased* 
These  may,  however,  be  made  by  a  carpenter  quite  as  convert* 
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icntly  and  cheaply  and  even  more  satisfactorily.  Of  those 
varieties  which  may  be  purchased,  as  convenient  a  form  as  any 
is  the  folding  sewing-table  one  yard  in  length*  For  large 
tables  the  simplest  is  a  pair  of  trestles  on  which  to  lay  planks, 
and  a  similar  arrangement  may  be  provided  as  a  bench  on 
either  side  of  the  table.  Of  portable  tables,  one  of  the  most 
satisfactory  forms  is  that  shown   in   Fig*  194.  which  may  be 
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Fig.  194.— FoLDifiG  Cami*  Tab 


readily  constructed  under  the  instructions  of  the  topographer. 
This  table  is  extensively  u«ed  in  the  camps  of  the  United 
States  Geological  Survey.  The  top  consists  of  three  12-inch 
boards  of  suitable  length  screwed  to  two  cleats.  Each  pair 
of  legs  is  fastened  at  the  table  ends  to  wing  boards  8  inches 
wide,  and  these  are  hinged  to  the  top  so  as  to  fold  inwards 
with  the  legs,  thus  lying  flat  to  the  table  top.  Lengthwise  of 
ihe  sides  of  the  table  top  are  hinged  two  other  wing  boards. 
When  the  legs  are  opened  out  these  side  boards  are  let  down 
and  hooked  to  the  legs,  thus  keeping  them  in  place.  Long 
side  hooks  of  iron  add  rigidity  to  the  whole. 

364   Specifications  for  Sibley  Tent  Stoves* 

%HfVt. — The  stove  10  be  in  the  form  of  the  trusirum  %A  a  cone,  and  to 
made  of  No.  14  U.  S.  standard  gauge  common  annealed  plate-iron. 
[To  be  in  one  piece  (except  the  collar  and  door),  and  the  seam  at  back  to 
be  fastened  with  twenty-four  (24)  rivets.  The  collar  at  top  to  be  of  \\it 
same  material  as  ihc  stove.  To  be  two  and  a  half  Ki^h)  mches  deep,  and 
,be  secured  to  the  stove  by  six  (6)  rivets.  Aperture  for  door  to  be  about 
Uix  (6)  mches  high  by  six  <6)  inches  wide,  the  upper  corners  of  which 
Ifhall  be  rounded  as  m  sample  The  door  to  be  suiliciently  large  to  lap 
[over  the  aperture;  to  be  securely  hinged  lo  the  stove,  and  to  be  properly 
Iniuldcd  to  its  form.     An  '*  A"-shaped  vent  at  the  bottom  of  stove  directly 


830  CAMP  EQUIPMENT  AND   PROPERTY. 

under  the  door,  about  two  (2)  inches  high  by  three  (3)  inches  wide;  the 
top  to  be  rounded. 

Dimension  and  Weight. — Height  to  top  of  collar,  twenty -eight  (28) 
inches.  Circumference  (outside)  at  bottom,  fifty-eight  (58)  inches;  at 
top,  thirteen  (13)  inches.  Distance  from  bottom  of  door  aperture  to 
base  of  stove,  fourteen  (14)  inches.    Weight  about  (19)  pounds. 

365.  How  to  Build  Camp-fires. — To  kindle  a  spark  into 
a  flame  the  spark  should  be  received  in  a  loose  nest  of  the 
most  inflammable  substance  at  hand,  which  ought  to  be  pre- 
pared before  the  tinder  is  lighted.  When  by  careful  blowing 
or  fanning  the  flame  is  once  started,  it  should  be  fed  with 
little  sticks  or  pieces  of  bark  until  it  has  gained  strength  to 
grapple  with  thicker  ones. 

There  is  something  of  a  knack  xn  finding  fire-wood.  It 
should  be  looked  for  under  bushes.  The  stump  of  a  tree 
that  is  rooted  nearly  to  the  ground  has  often  a  magnificent 
root  fit  to  blaze  throughout  the  night.  Damp  or  very  sappy 
wood  should  be  avoided.  Dry  manure  of  cattle  is  a  fair  fuel. 
Dry  fuel  gives  out  far  more  heat  than  damp  fuel.  Bones  of 
animals  also  furnish  a  substitute  for  fire-wood.  Wood  should 
be  cut  into  lengths  of  one  foot  and  about  two  inches  square. 
When  notliing  but  brushwood  is  to  be  had,  it  should  be 
burned  in  a  trencli.  WHicre  fuel  is  scarce,  it  is  well  when 
movini;  camp  to  leather  and  throw  into  the  wagon  all  the  dr\- 
wood  which  may  be  found  along  the  road. 

366.  Cooking-fire  for  a  Small  Camp — Lay  down  two 
green  j)ole.s,  5  by  6  inches  thick  and  2  feet  long,  and  spaced 
2  or  3  feet  apart,  and  with  notches  in  the  upper  side  about 
10  to  12  inches  apart.  Lay  two  more  green  poles,  6  by 
8  inches  thick  and  4  feet  long,  in  the  notches.  Procure  a 
^^ood  suj)ply  of  dry  wood,  bark,  brush,  or  chips,  and  start  the 
fire  on  the  ground  between  the  poles.  The  air  will  circulate 
under  and  throui^h  the  fire,  and  the  poles  are  the  right  distance 
apart  to  support  a  camp-kettle,  frying-pan,  or  coffee-pot. 

If  several  meals  are  to  be  cooked  in  this  place,  it  will  pay 
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Xo  put  up  a  crane.  This  is  built  as  follows;  Cut  two  green 
posts  a  inches  thick  and  3  feet  long;  drive  these  into  the 
ground  a  foot  from  either  end  of  the  fire.     If  these  poles  are 

tiot  forked,  split  the  top  end  of  each  with  the  axe;  then 
!ut  another  green  pole  of  same  size  and  long  enough  to  reach 
rom  one  to  the  other  of  these  posts;  flatten  the  ends  and 
nsert  them  in  the  crotches  or  splits.  The  posts  should  be 
\{  such  height  that  when  this  pole  is  passed  through  the  bail 
of  the  camp-kettle  or  cofTee-pot  they  will  swing  just  clear  of 
^■he  fire*  A  less  satisfactory  crane  is  made  by  resting  three 
^K>oIes  together  like  a  tripod  and  fastening  them  at  the  top, by 
^wire.  Then  a  wire  hook  is  hung  from  the  center  of  these  low 
^Knough  to  bring  a  kettle  just  over  a  fire  built  between  the 
^Kripod  legs. 

^V      367.  Camp  Equipment. — ^For  a  party  of  six  and  where 
transportation  is  by  wagon,  the  following  covers  most  of  the 
Bfessentials  of  the  living  equipment  for  the  camp- — that  is,  the 
^"equipment  exclusive  of  that  required  for  transportation: 

Four  9  by  9  t€Hts^  with  flies,  poles,  and  pegs;  one  for  party 
chief,  one  for  three  assistants,  one  for  cook  and  kitchen,  and 
one  for  dining  and  storage. 
^_        Canvas  or  sectional  wooden  floors  for  tents. 
^1        In  winter,  three  h^^xXn^-stovcs,  also  one  small  (cast-iron) 
f      wood  cooking-stove  with  pipes. 

Two  mess-boxes^  one  for  cooking- utensils,  the  other  for 
^tableware  and  light  provisions,  of  pine  screwed  together,  with 
^Kiinged  tops  and  compartments;  also  an  inside  cover  the  full 
^'  width  of  the  top.  which  may  be  used  as  a  bread-board. 
^H  When  the  lids  are  opened  out  and  the  two  mess-chests  placed 
^fkogether,  they  form  a  table  of  the  width  of  the  mess-chests,  and 
r  a  length  four  times  their  thickness.  These  chests  should  be 
20  inches  deep,  20  inches  wide,  and  24  to  30  inches  in  length, 
-^50  as  just  to  fill  a  wagon  bed. 

Mess-kit  should  consist  of  the  following  articles: 
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2  wash-basins  i  chopping- bowl  and  chopper 

2  pepper-and-salt  boxes  i  iron  broiler 

2  buckets  \  dozen  cups  and  saucers 

I  dipper  kerosene-oil  can 

1  bread-pan  i  dish-pan 

2  frying-pans  2  four-quart  stew-pans 
2  two-quart  stew-pans  10  plates 

1  half-gallon  coffee-pot  i  quart  tea-pot 
Table-cloths  napkins 
Dish-towels  2  one-quart  cups 
4  sheet-iron  camp-kettles  with   cov-  i  coffee-mill 

ers,  sizes  ranging  from  I  to  3  ^  dozen  plated  or  aluminum  table- 
gallons  so  as  to  nest  one  within  knives,  forks,  table-spoons,  and 
the  other  tea-spoons 

2  carving-knives  I  galvanized  iron  basting-fork  and 
I  spring-balance  spoon 

6  pans  one  and  one  half  inches  deep,  3  pans  two  inches  deep  and  eight 
six  inches  in  diameter,  for  soup,  inches  in  diameter,  as  serving- 
oatmeal,  etc.  dishes 

All  dishes,  basins,  etc.,  should  be  oi  granite-  or  porcelain- 
lined  ware.  The  stew-,  coffee-  and  tea-pots,  etc.,  should  also 
be  of  granite  ware  or  have  copper  bottoms.  To  the  above 
may  be  added  numerous  miscellaneous  articles  if  transporta- 
tion facilities  N^ill  permit,  as  a  wash-tub  and  board,  rolling- 
pin,  etc. 

Where  transportation  is  on  the  backs  of  animals  tin  and 


Fig.  195.  — Folding  Tin  Reflecting  Bakrr. 

galvanized  iron  will  have  to  be  substituted  for  granite-ware  to 
reduce  weight,  and  many  of  the  above  articles  must  be  dis- 
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with.     The  stove  will  be  replaced  for  baking  by  a  Dutch 
oven  12  inches  in  diameter^  or  by  a  tin  reflector  (Fig.  19S). 

For  transportation  on  mens  backs  practically  everything 
will  be  dispensed  with  but  a  few  tin  plates  and  cups,  knives, 
forks,  and  spoons,  a  coffee-pot,  frying-pan,  and  stew-pan,  A. 
tin  reflector  should  also  be  carried  for  baking. 

The  miscellaneous  camp  tools  may  consist  of  some  or  all 
of  the  following: 

I  or  2  axes  and  extra  ajLC-helves  Small  61es 


t  haichec 

Bits  and  augers 

Screw-driver 

Assorted  screws  and  nails 

Broom 

Quart  canteens  covered  with  cloth 
and  canvas,  or,  in  arid  regions, 
m  one^gallon  canteen  to  each 
man 


Rochester    burners    or    other    good 

Tamps  for  drarting  and  reading 
Lanterns 

Assorted  rope  and  string 
Whetstone 
Maltojt 
Shovel 
Spade 
Saw 


368.  Provisions. — The  best  estimate  of  the  amotmt  of 
provisions  required  for  a  camping  party  can  be  obtained  by 
consulting  the  following  ration  list,  which  has  proved  most 
satisfactory  after  long  experience  in  the  field-work  of  the 
United  States  Geological  Survey. 

A  ration  is  the  food  estimated  to  be  necessary  to  subsist 
one  man  one  day.  The  amounts  of  the  various  articles  in 
the  ration  are  designed  to  be  sufficiently  liberal  for  all  cir- 
cumstances* They  are  maximum  amounts,  which  should  not 
be  exceeded. 

The  Survey  ration  is  made  up  of  the  articles  and  amounts 
given  at  the  top  of  page  834. 

On  the  basis  of  this  list  a  party  of  six  will  consume  six 
rations  a  day.  One  hundred  rations  will  therefore  subsist 
such  a  party  seventeen  days.  The  cost  ^/the  above  ration 
will  vary  necessarily  with  the  locality.  Near  large  markets 
and  convenient  to  railways  the  ration — that  is,  the  food 
of  one  man  for  one  day  on  the  above  basis — costs  from  45  to 
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Table     LXXI. 
ration  list. 


Article. 


Fresh  meat,  inclading  fish  and  poultry  (a) 

Cured  meat,  canned  meat,  or  cheese  \Ji) 

Lard 

Flour,  bread,  or  crackers 

Corn-meal,  cereals,  macaroni,  sago,  or  corn-starch 

Baking-powder  or  yeast-cakes 

Sugar 

Molasses 

Coffee 

Tea,  chocolate,  or  cocoa 

Milk,  condensed  (r) 

Butter 

Dried  fruit  (d) 

Rice  or  beans 

Potatoes  or  other  fresh  vegetables  {e) 

Canned  vegetables  or  fruit 

Spices 

Flavoring  extracts 

Pepper  or  mustard 

Pickles 

Vi  negar 

Salt 


Uori, 


Pounds 

do. 

do. 

do. 

do. 

do. 

do. 
Gallons 
Founds 

do. 

Cans 

Pounds 

do. 

do. 

do. 

Cans 

Ounces 

do. 

do. 
Quarts 

do. 
Pounds 


lOO 

Rations. 


lOO 
50 
15 
80 
15 

5 
40 

I 
12 

2 
10 
10 
20 
20 
100 
30 

4 
4 
8 

3 

I 

4 


{a)  EgRS  may  be  substituted  for  fresh  meat  in  the  ratio  of  8  eggs  for  i 
pound  of  meat. 

{h)  Fresh  meat  and  cured  meat  may  be  interchanged  on  the  basis  of  5 
pounds  of  fresh  iax  2  pounds  of  cured. 

{()  Fresh  milk  may  be  substituted  for  condensed  milk  in  the  ratio  of  5 
quarts  of  fresh  for  i  can  of  condensed. 

(</)  Fresh  fruit  may  be  substituted  for  dried  fruit  in  the  ratio  of  5 
pounds  of  fresh  for  i  pound  of  dried. 

{i)  Dried  vegetables  may  be  substituted  for  fresh  vegetables  in  the 
ratio  of  3  pounds  of  fresh  for  i  pound  of  dried. 


55  cents.      It  rarely  exceeds  75  cents  in  the  most  inaccessible 
localities  in  the  United  States. 

Where  transportation  is  difficult,  as  by  pack-animals,  the 
above  must  be  varied  by  omitting  the  heavier  provisions, 
those  containing  the  mo.st  moisture,  such  as  all  canned  goods, 
and  these  must  be  replaced  by  additional  amounts  of  flour, 
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beans,  and  dried  fruits.  Where  fresh  meat  cannot  be  obtained 
it  must  be  replaced  by  additional  bacon  and  corned  beef. 

Where  provisions  must  be  carried  on  men's  backs  a  still 
further  cut  must  be  made  in  the  heavier  articles.  Under  the 
most  unfavorable  conditions  an  abundance  of  flour,  bacon, 
rice,  beans,  oatmeal,  cornmeal,  tea,  sugar,  dried  fruit,  and  salt 
must  be  provided. 

To  the  above  ration  list  are  to  be  added  such  quantities 
of  matches  and  soap  as  may  appear  necessary. 


CHAPTER    XXXIX. 
TRANSPORTATION  EQUIPMENT. 

369.  Camp  Transportation ;  Wagons. — The  manner  of 
transporting  the  camp  outfit  must  depend  necessarily  on  the 
conveniences  of  the  country  in  which  the  work  is  being  exe- 
cuted. On  the  plains  or  where  there  are  sufficient  roads,  and 
forage  can  be  provided  for  animals,  transportation  in  heavy 
wagons  is  necessarily  the  most  convenient  and  satisfactory. 
Even  in  the  roughest  country  a  large  camp  wagon  with  four 
animals  will  transport  the  outfit,  including  tents,  beds,  and 
provisions,  for  a  party  of  six  or  eight.  One  of  the  most  con- 
venient arrangements  in  hilly  country  is  to  have  two  smaller 
wagons,  as  they  are  more  easily  loaded  and  unloaded  than  a 
large  one,  and  to  have  but  one  team  to  each  wagon :  then  on 
the  heavy  hills  the  teams  may  be  doubled  up  until  the  sum- 
mits are  reached. 

There  should  be  bows  to  the  wagon,  that  a  canvas  cover 
may  be  hung  over  these  to  protect  the  load  from  rain. 
Covers  should  not  be  laid  on  the  load,  as  the  latter  will  soon 
wear  holes  in  it  and  render  it  useless.  The  load  should  be 
well  tied  down  with  a  long  quarter-inch  lash-rope  passed  back 
and  forth  over  the  whole,  otherwise  the  various  articles  will 
jostle  about  and  wear  holes  or  injure  each  other.  Care  should 
be  taken  in  loading  to  place  the  heaviest  and  most  durable 
property  in  the  wagon  bed,  and  the  tents,  bedding,  etc.,  on 
top,  es[)ecial  care  being  taken  that  nothing  which  will  wear 
holes  in  the  tents  shall  touch  them. 
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There  should  be  a  tool-box  in  front  of  the  dashboard  to 
"rarry  axle-grease,  wrench,  hatchet,  wire,  rope,  nails,  and  sim- 
ilar articles  which  may  be  useful  in  event  of  a  breakdown. 
The  tailboard  should  be  removed  for  easy  loading,  and  in  its 
place  a  long  leather  strap  or  chain  be  fastened  about  the 
mess-chests,  which  should  occupy  the  rear  of  the  wagon-bed. 


(Fig.  196.) 


best  pack-ani- 
mals are  short-coupted,  short-legged,  stocky  mules  of  less  than 
one  thousand  pounds  weight,  A  heavy  load  when  moving 
camp  at  a  slow  gait  is  about  30  percent  of  the  animaTs  weight 
or  between  250  and  300  pounds.  Where  the  animal  is  to 
move  at  a  trot  it  should  be  loaded  with  from  150  to  200 
pounds  at  the  outside.  A  day*s  journey  for  laden  animals 
is  20  to  25  milesi  and  the  best  way  of  making  the  move  is  not 
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to  stop  for  a  noon  rest,  but  to  set  out  early  in  the  morning, 
continuing  to  the  end  of  the  journey  without  unpacking. 
Where  longer  trips  have  to  be  made,  however,  the  packs  and 
saddles  should  be  removed  and  a  full  hour  given  for  rest, 
otherwise  the  animals  may  be  galled. 

The  pack-saddle  is  fitted  on  the  animal  in  the  same  man- 
ner  as  is  a  riding-saddle  with  a  heavy  saddle- blanket  or  pad 
underneath  it.  It  is  so  constructed  that  it  can  be  placed  a 
little  further  forward  than  the  riding-saddle.  In  addition  to 
the  ordinary  saddle-cincha  the  saddle  is  sometimes  provided 
with  a  crupper,  but  this  is  not  as  satisfactory  for  heavy  work 
as  is  a  breeching.  The  latter  is  made  by  screwing  stay-straps 
to  the  rear  end  of  each  of  the  wooden  pads  of  the  saddle  and 
carrying  these  back  to  a  ring  over  the  animars  rump.  Thence 
the  stay-straps  fall  off  to  and  support  the  forward  ends  of 
the  breeching-straps  as  with  ordinarj^  harness.  To  the  front 
ends  of  the  breeching-straps  are  attached  snap-hooks  to  catch 
into  the  cincha-rings  on  either  side. 

In  the  Southwest  the  aparejo  is  generally  employed  as  pack- 
saddle  by  the  trained  packer.  This  consists  of  two  leather  bags^H 
stuffed  with  hay  which  are  connected  at  one  end  by  a  leather 
apron  so  that  they  may  be  hung  over  the  sides  of  the  mule. 
They  are  about  3  feet  in  length  and  2  feet  in  width,  and 
when  fully  stufTed  about  4  to  6  inches  in  thickness.  They  are 
fastened  to  the  animals  by  a  wide  girth  thrown  over  the 
aparejo  and  under  the  animal's  stomach,  and  are  firmly  cinched 
on.  Upon  them  is  placed  the  load,  divided  into  two  parts  of 
equal  weight,  one  resting  on  each  side  of  the  aparejo  and 
fastened  in  position  by  means  of  a  long  rope  tied  with  a  dia- 
mond hitch.  This  apparatus  can,  however,  only  be  used  by 
skillful  packers,  and  is  then  rarely  as  satisfactory  as  is  the 
Moore  army  saddle  or  the  ordinary  crosstree  pack-saddle 
where  the  animals  are  compelled  for  any  reason  to  move  at  a 
brisk  gait. 

The  crosstree  pack-saddle  can  be  purchased  of  dealers  in 
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St.  Louis,  Denver,  and  similar  supply  centers.  It  can  also  be 
readily  constructed.  It  consists  of  two  pads  of  wood  curved 
and  shaped  somewhat  like  the  tree  of  an  ordinary  riding-saddle 
so  as  to  fit  the  back  of  the  animal,  and  these  are  joined 
together  by  two  strips  of  oak  or  other  stout  wood  screwed 
to  the  outsides  of  the  wooden  pads.  They  are  fastened 
to  each  other  at  their  junction,  at  which  point  they  cross, 
^^ne  at  front  and  the  other  at  rear  of  the  saddle. 
^B  Panniers  ot  alforjes  of  canvas,  about  2  feet  in  length,  14 
^^nd^s  deep,  and  6  to  S  inches  through,  are  hung  on  the  saddle- 
■  forts  by  means  of  leather  straps.  To  the  outer  sides  of  these 
are  fastened  at  one  end  a  long  leather  thong,  and  at  the  other 
a  loop  or  metal  ring.  The  thongs  are  thrown  across  the  back 
of  the  animal,  passed  through  the  loop  on  the  opposite  alforje, 
and  tied  up  so  as  to  raise  the  load  on  to  the  tree  of  the  saddle 
and  away  from  the  sides  of  the  animal.  The  center  ot  the 
load  may  be  filled  with  loose  and  light  articles,  as  blankets 
or  a  tent,  to  give  the  whole  shape  and  body.  Over  this 
should  be  thrown  a  canvas  cover,  and  the  pack  be  lied  on  by 
means  of  the  diamond  hitch.  The  lash-rope  which  fastens 
the  load  on  the  aparejo  or  pack-saddle  should  be  of  -J  inch 
mantia  rope  42  feet  in  length.  This  should  be  fastened  to  a 
wide  girth  of  canvas  which  comes  under  the  belly  of  the  ani- 
mal, and  on  the  other  end  of  the  girth  should  be  an  iron  hook 
or  a  hook  made  from  the  crotch  or  forked  branch  of  some  hard 
^^ood. 

^y  371.  Moore  Pack-saddle.  ^The  United  States  Army 
uses  an  improved  saddle  (Fig.  197)  for  packing  which  is  a 
modification  of  the  Mexican  aparejo,  over  which  it  has  several 
advantages,  chiefly  in  that  it  is  more  easily  handled  by  in- 
experienced packers  and  is  more  readily  kept  in  good  condi- 
tion. The  Moore  saddle,  as  it  is  called  after  its  inventor, 
consists,  like  the  crosstree  saddle,  of  a  number  of  parts, 
including  the  saddle  proper,  two  pads  similar  to  those  of  the 
aparejo,  a  crupper  instead   of  the   breeching  used  with  the 


&|0 


tJKANSPOKlA  riON  EQUiPMMNT. 


crosstree  saddle,  a  corona  or  pad  placed  next  to  the  animal's 
back  under  the  pad»  and  a  large  canvas  pack   cover;   also 


Fig.  197.— Fuu^uogbd  MooaK  Aemy  Pack-sadduk. 

a  canvas  cincha  ten  inches  in  width,  of  varying  length  at- 
cordii^  to  the  animal  (Fig.   198);   half-inch   mantla  rope 
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Fig.  198. — Pack-saddle  Cinches. 

twenty-two  feet  long  for  sling-rope,  and  a  lash-rope  similar 
to  that  used  with  the  crosstree  saddle. 

The  army  saddle  is  adjusted  to  the  animal  somewhat  dif- 
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^ntly  from  the  crosstree  saddle.  The  cincha  goes  entirely 
over  the  saddle,  cominjj  under  the  animafs  belly  and  over  his 
back,  thus  completely  encircling  or  girdling  him  and  the 
iddle*  The  pack  is  loaded  in  a  manner  similar  to  that 
ascribed  for  the  crosstree  saddle. 

372.  Throwing  the  Diamond  Hitch* — ^It  requires  two 
ken  to  lash  a  pack  with  the  diamond  hitch  unless  the  packer 
>s5ess  unusual  skill.  Calling  the  two  packers^  respectively, 
irower  and  cincher»  the  latter  stands  on  the  off  or  right  side 
"of  the  animal,  and  the  former  on  the  left  or  near  side. 
The  thrower  first  casts  the  girth  under  the  animal's  body  to 
le  cincher,  who  grasps  the  hook,  point  to  front,  in  his  left 
hand.  The  thrower  immediately  casts  the  end  of  the  rope 
ickward  over  the  left  shoulder  of  the  animal  across  his  right 
lip,  then  taking  the  short  or  girth  end  in  his  right  hand  and 
the  long  or  loose  end  in  his  left  hand — that  is,  the  end  toward 
the  head  of  the  animal — he  casts  a  short  loop  of  the  rope  over 
the  back  of  the  animal  (Fig.  199,  A)  to  the  cincher,  who 
passes  this  through  the  hook  of  the  girth  and  draws  it  slightly 
*taut.  The  cincher  at  the  same  time  throws  the  remainder  of 
jie  slack  of  the  rope  over  the  back  and  towards  the  head  of 
be  animal  and  on  the  side  of  the  thrower  (Fig,   199,  B), 

The  thrower  next  passes  the  long  end  of  the  loop  backward 
irer  the  rope  first  cast,  thus  making  a  bight  m  it*  and  he  also 
"arries  it  in  front  of  the   forward  corner  of  the  pack  on   his 
side,  leaving  the  short  end  hanging  backward — that  is,  to  his 
fght  (Fig.  199.  Cy 

The  cincher  now  takes   his  slack   loop   in  his  right  hand, 
Snd  reaching  beyond  the  bight  just  made  by  the  thrower  in 
•  the  cinch  rope,  he  passes  his  loop  backward  under  and  forward 
irer  the  cinch  or  first   rope,  thus  making  a  second  bight  in 
Immediately  he  takes  the  loose  end,  which  is  that  to  his 
eft,  and  passes  it  forward  and  across  the  pack  under  the  rope 
which  he  has  just  looped  (Ftg.  199,  D). 

The  cincher  now  takes  the  end  of  the  rope  which  is  caught 


842 


TRANSPORTATION  EQUIPMENT. 


in  the  hook  and,  pressing  his  foot  against  the  side  of  the  ani- 
mal, draws  this  as  taut  as  he  can,  while  the  thrower,  turning 
his  back  to  the  pack,  takes  in  the  slack  by  holding  it  tautly 
over  his  shoulder.     This  slack  he  passes  over  the  front  comer 


Tail 
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Head. 
Fig.  199.— Lashint.  Pack  with  Diamond  Hitch. 

of  the  pack  and,  still  holding  it  firmly,  passes  it  under  the 
same  and  backward,  pressing  his  foot  against  the  rear  corner 
of  the  pack  to  draw  it  as  taut  as  possible  (Fig.  199,  E),  Then 
the  cincher.  standing  to  the  rear  of  his  side  of  the  pack,  takes 
in  the  slack  given  him  by  the  thrower  and,  pressing  his  foot 
against  the  rear  of  his  pack,  draws  the  rope  as  taut  as  possible. 
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Fig.  20 (. — Packing  on  Men's  Backs,  ADiaoNDAcits. 


FACKMEH. 


847 


id  the  rear  end  of  the  pack  on  his 


slack  he  passes  around  tne  rear 
side,  under  it  and  up  the  forward  sidcj  pressing  his  foot 
against  the  pack  from  the  front,  while  the  thrower,  using  his 
foot  against  the  front  side  of  the  pack  on  his  side,  takes  in  the 
slack  given  him  by  the  cincher  (Fig.  200), 

Having  the  entire  pack  now  fastened,  it  will  be  noted  that 
e  two  bights  open  the  loops  in  the  form  of  the  diamond 
hitch.  The  thrower  then  takes  the  slack  end,  which  he  now 
holds,  and  ties  it  on  his  side  across  the  front  and  outer  side 
of  the  pack  in  such  manner  as  to  firmly  bind  the  whole  to* 
gether(Fig.  199,  F). 

373.  Packmen. — Where  camp  equipment  must  be  trans- 
ported on  men's  backs,  as  in  some  portions  of  the  Adiron- 
dacks  (Fig.  201),  in  the  Northwest,  and  in  Alaska,  the  loads 
may  be  arranged  thus:  Blankets,  clothing,  etc.,  may  be  rolled 
inside  of  rubber  or  canvas  into  bundles  of  about  24  inches  in 
length,  18  to  20  inches  widths  and  15  inches  thickness.  These 
should   be  strapped  and    slung   over  the  shoulders  by  wide 

E leather  straps  fitted  in  a  manner  described  below  for  pack- 
iaskets.  For  heavy  provisions  and  miscellaneous  small  ar- 
ticles baskets  of  the  type  used  in  the 
Adirondacks,  or  canvas  panniers,  furnish 
pie  most  satisfactory  mode  of  carr>n*ng 
packs. 

These  baskets  are  shaped  as  shown  m 
Fig.  202,  averaging  about  18  inches  in 
depth,  17  inches  in  width  at  the  bottom, 
and  I  5  inches  in  width  at  the  top,  with 
the  thickness  at  bottom  and  top  12 
inches,  A  heavy  leather  strap  is  run 
around  the  top  under  the  rim,  and  to 

this  are  attached  two  carrying-straps  which  come  close  together 
and  pass  through  the  same  loop  at  the  top.  These  straps  pass 
down  the  body  side  of  the  basket  close  to  the  latter,  and  are 
caught  up  at  the  bottom  of  the  basket  at  their  outer  extrem- 
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ity,  SO  as  to  form  the  letter  "A"  as  viewed  agatn^  the 
basket.  Thence  they  run  up  and  buckle  to  the  ends  which 
come  from  the  upper  portion  of  the  basket,  leaving  wide 
loops  through  which  the  arms  can  be  passed,  while  ihc 
buckles  give  necessary  freedom  for  adjustment.  This  pack 
should  be  carried  as  high  as  possible  on  the  shoulders,  and 
the  closeness  of  the  straps  at  the  top  keeps  it  well  on  to  the 
shoulders  witljout  a  confining  breast-strap, 

A  heavy  had  for  a  packman  over  good  trails  and  fcr 
tramps  of  15  to  to  miles  is  60  to  75  pounds*  A  light  load 
for  heavy  traveling  and  mountain  work  is  35  to  50  pounds. 

374.  Transportation  Repairs. — ^In  addition  to  camp 
wagon  and  harness  or  pack-saddles,  as  the  case  may  be,  the 
following  sliould  be  carried  for  repair  and  use  in  connection 
with  the  animals  and  outfit, 

A  farriers  kit  for  shoeing  where  blacksmiths  cannot  bt* 
had:  this  should  include  one  clinch-cutter,  one  clinching- 
iron,  one  shoeing-hammer,  one  pair  shoeing-pincers,  one 
shoeing- rasp,  assorted  horse  or  mule  shoes  already  fitted  and 
corked,  and  assorted  nails, 

A  siiddUrs  kit,  tor  use  with  pack  and  saddle  outfits:  this 
should  include  sewing- palm,  bradawls,  sail -needles,  twine, 
wax  and  sewing-thread,  assorted  buckles,  assorted  copper 
rivets,  rivet  and  iron  set,  riveting-pincers,  rivet-nippers  and 
cold*chisels,  assorted  rings,  leather  whangs,  lace  leather,  also 
some  heavy  harness  leather  and  copper  wire. 

In  addition  to  the  above  the  ioWo'^ixig  miscfllaneaus  uUmUs 
should  be  provided  : 

Axle-grease,  nose-  or  feed-bags,  horse-brush,  currycomb, 
halters,  whips,  riding  saddles  and  bridles,  saddle-blankets, 
wagon -jack,  monkey-wrenches,  and  canvas  pack-covers. 

To  the  above   may  be   added,  under  certain   conditions 
hopples,   bells,   tethering-ropes    and   long    pivot    picket-pins 
with  rings  at  top,  water  kegs  or  barrels,  heavy  canvas  wagon- 
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covers  with  bows  for  supporting   same,  lash-ropes  for  tying 
packs  on  wagons. 

The  amount  of  forage  required   by  animals  doing  heavy 
work  may  be  estimated  roughly  from  the  following: 


14  lbs.  hay  or  fodder, 
1 2  qts.  oats,  or 
8  qts.  corn 


Hay,  when  pressed,  1 1  lbs. 

to  cubic  foot,  32  lbs. 

per   horse  to    bushel,    25.71    to 

per  day  cubic  foot.     Grain  56 

lbs.   to  bushel,  45.02 

to  cubic  foot. 

375.  Veterinary  Surgery — Some  general  remedies  should 
be  carried  for  the  use  of  the  animals.  These  may  consist 
chiefly  of  the  following : 

Liniments  of  ammonia  or  strychnine  for  external  applica- 
tion, as  for  sprains,  by  reducing  heat  without  blistering.  Soap 
liniments  and  iodine  compounds  for  external  application  to 
swellings. 

Cleansing  agents  for  decomposing  sores,  consisting  of  sul- 
phate of  copper  or  bluestone  or  of  carbolic  acid  in  weak 
solutions.     All  excellent  for  curing  **  scratches.'* 

Astringents  to  diminish  the  discharge  of  wounds,  as  alum 
or  sulphate  of  zinc. 

Healing  agents  for  wounds,  as  collodion  and  arnica. 
Emollients  to  soften  and  relax  muscles,  as  olive  oil  and 
poultices. 

Cathartics,  as  Epsom  salts,  castor-oil,  aloes. 
Stimulants  for  the  stomach,  as  ginger,  gentian,  and  caraway 
seeds. 

For  cramps  salicylic  acid,  oil  of  turpentine. 
Diuretics  for  bladder  and  kidneys,  as  turpentine,  sweet 
spirits  of  niter. 


CHAPTER   XL. 
CARE  OF  HEALTH. 

376.  Blankets  and  Clothing — The  personal  property  to 
be  carried  by  each  individual  of  the  party  will  depend  neces- 
sarily, as  do  the  other  articles  of  the  camp  outfit,  upon  the 
mode  of  transportation  and  the  region  in  which  the  party  is 
to  work.  Where  wagon  transportation  is  provided  and  the 
party  may  carry  all  essentials,  each  individual  may  take  a 
small  steamer-trunk  for  his  clothing  and  should  roll  and  strap 
his  blankets  in  the  form  of  a  cylindrical  bundle  in  a  piece  of 
No.  6  canvas  or  i6-oz.  duck.  The  canvas  caver  should  be  7 
feet  long  by  6  feet  wide,  so  that  when  the  bed  is  laid  down  it 
may  rest  on  half  of  the  canvas  to  keep  out  moisture  if  on  the 
ground,  and  air  if  on  a  cot,  and  the  other  half  of  the  width  of 
canvas  should  be  passed  over  the  bed  to  protect  it  from  air 
and  moisture. 

An  excellent  ;;/^//ri'^^  consists  of  a  good  large  comforter 
folded  three  times  endways,  thewidth  being  about  as  long  as 
a  man's  body.  Additional  wool  blankets  and  a  comforter 
should  be  taken  for  covering,  the  number  depending  upon  the 
climate.  Sleeping-bags^  such  as  are  now  sold  by  dealers  in 
sporting  goods,  furnish  the  warmest  and  most  comfortable 
bed  for  almost  any  condition  of  camping. 

Where  rain  is  to  be  encountered  a  mackintosh  or  rubber 
coat  is  of  little  value.  A  heavy  oil-slicker  is  the  most 
serviceable  garment ;  and  for  horseback,  leggings  and  pea- 
jacket  of  oil-slicker.  The  most  serviceable  hat  is  a  heavy, 
wide-brimmed  soft  felt  sombrero  or  army  campaign  hat  for  all 
climates  and  conditions.     The  more  intense  the  heat  of  the 
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siin*s  rays  and  the  more  penetrating,  as  in  the  tropics,  the 

heavier  should   be  the  head-covering.      Under  such  circum- 

tances  a  heavy  pith  helmet  may  be  used ;   but,  be  helmet  or 

&avy  felt  sombrero  worn,  a  band  made  of  light  linen  or  India 
silk,  folded  to  about  three  inches  in  width  and  of  a  length  of 

[)out  two  yards»  should  be  wrapped  around  the  hat  close  to 
iie  brim  so  as  to  make  a  thick  pad  over  the  temples  to  keep 
out  the  penetrating  rays  of  a  tropic  sun. 

Rubber  boots  should  never  be  used  even  in  snow  or  water. 

In  deep  snow  or  intense  cold,  arctics  or  a  wrapping  of  gunny- 

^ck  over  the  leather  shoe  may  be  employed.      For  climbing 

shoe '\s  v[\\xz\v  more  comfort- 
able and  supple  than  a  boot. 
For  riding  leather  leggings 
may  be  added,  or  else  water- 
proof  leather  boots  may  be 
used.     In  any  event,  in  cold 

Twet  and  for  heavy  climbing 

ater-proof  leather  shoes  with 
thick  extension  soles  should 
be  worn  (Fig.  203).  In  the 
tropics  the  foot- covering 
should  be  light  and  supple, 
but  the  soles  should  be  heavy 

I  both  to  protect  the  feet  from 
inoisture  and  to  keep  out  the 
teat  of  the  soil.  Light  canvas 
■hoes  should  be  carried  to  rest 
ttie  feet,  which  easily  blister  in  tropic  lands. 
I  Where  much  foot-work  is  done,  very  heavy,  coarse  cotton 
sock^  should  be  worn.  In  cold  weather  heavy  woolen  socks, 
and  in  intense  cold  and  deep  snow  German  felt  socks,  must  be 
worn*  As  a  substitute  for  leather  boots  and  arctics,  felt  boots 
may  be  worn  over  the  German  socks* 

In  high  altitudes  the  underwear  should  always  be  of  heavy 


Fig.  203. — PlanE'TAblf.  Station- 
on  Mountain  in  Alaska. 
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wool  regardless  of  how  high  the  temperature  may  be  in  the 
daytime.  Medium-weight  wool  may  be  carried,  and  two  suits 
be  worn,  one  over  the  other,  in  very  cold  weather.  The  suddea 
changes  at  evening  and  night  render  heavy  underwear  an 
essential  to  health.  In  the  tropics  light  silk  gauze  or  a  mix- 
ture of  silk  and  wool  underwear  should  be  worn  next  the  skin 
to  absorb  the  moisture  of  the  body. 

For  slttping-chtkes,  pajamas  only  should  be  used,  and  in 
the  tropics  especially  these  should  be  of  light  flannel.  Also 
in  the  tropics  flannel  cholera-bands  should  be  invariably  worn 
over  the  abdomen,  and  never  removed  except  to  change. 

For  work  in  the  brush  or  woods  the  most  satisfactory 
cuter  garments  are  made  of  brown  duck,  or  light  overalls  may 
be  pulled  on  over  woolen  trousers.  In  cold  and  windy 
w^cather,  such  as  is  experienced  at  high  altitudes,  flannel-lined 
hunting  coats  and  trousers  of  duck  should  be  worn,  the  duck 
keeping  out  the  wind.  The  best  coat  for  wind  protection  is 
the  blanket-lined  leather  hunting-coat*  A  canvas  or  leather 
hunting-coat,  lined  or  unlined,  is  a  most  convenient  gannent 
for  the  surveyor  because  of  its  numerous  pockets.  In  the 
cold  and  at  high  altitudes  a  woolen  sweater  should  be  carried 
or  worn  in  preference  to  an  overcoat  (Fig.  203), 

In  addition  to  the  above  the  novice  in  camping  should  not 
neglect  to  take  towels,  soap,  and  miscellaneous  toilet  articles. 
Where  the  party  is  to  sleep  in  the  open  air,  or  when  the  weather 
is  very  cold,  the  head  should  be  covered  with  a  knit  nightcap 
of  worsted,  the  most  satisfactory  being  the  conical  toboggan 
cap,  which  can  be  pulled  down  well  over  the  ears  and  head. 

The  lack  of  a  tooth-brush,  even  in  the  Arctics,  has  been 
known  to  produce  sore  mouth  and  gums  in  one  accustomed 
to  its  use.  Toilet-paper  is  essential,  especially  in  extremely 
hot  or  cold  climates,  or  piles  may  result.  Camping  is  at  best 
uncleanly,  and  every  effort  should  be  made  to  keep  the  person 
and  the  camp  as  clean  as  possible.  Even  then  much  dirt  will 
have  of  necessity  to  be  encountered. 
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377-  General  Hints  on  Care  of  Health — ^In  camping  or 
working  in  high  altitudes  the  topographer  is  liable  to  contract 
a  disease  known  as  mountain  fever ^  which  is  allied  to  typhoid. 
It  is  caused  chiefly  by  carelessness  in  becoming  overheated 
under  the  hot  rays  of  the  midday  sun  and  then  suddenly 
chilling  off  in  the  night  air.  The  precaution  already  de- 
scribed of  covering  the  head  at  night  and  of  wearing  heavy 
woolen  underwear,  despite  the  intensity  of  the  heat  at  midday » 
will  generally  suffice  to  protect  the  camper  from  any  sickness 
in  the  healthful  chmate  usually  found  at  high  altitudes. 

As  typhoid  fever  is  contracted  almost  exclusively  through 
drinking  contaminated  water  or  milk,  or  from  food  infected 
from  house  flies,  all  water  should  be  boiled  w^hich  may  have 
been  iiubjected  to  human  contamination.  Likewise  all  horse 
manure  and  garbage,  the  breeding  places  of  houseflies,  should 
be  kept  at  a  distance  from  the  camp  and  be  buried  or 
burned. 

In  the  tropics  the  traveler  is  liable  to  sickness  from  mala- 
rial fevers,  dysentery,  and  cholera.  With  proper  attention  to 
food  and  clothing*  if  living  a  healthful  outdoor  life,  one  is 
hardly  more  liable  in  the  tropics  than  elsewhere  to  contract 
other  diseases  than  malaria  if  great  care  is  exercised  in  carry- 
ing out  the  following  suggestions: 

Wear  thick-soled  shoes  of  soft  leather,  and  change  or  dry 
these,  going  barefooted  meanwhile  if  necessary,  as  soon  after 
they  become  wet  as  practicable.  In  other  words,  do  not  keep 
wet  shoes  on  the  feet,  and  do  not  wear  rubber  to  protect 
against  moisture.  If  the  body  become  wet  from  rain  or  ford- 
ing streams,  the  clothes  should  be  taken  off  and  dried  as  soon 
as  possible  thereafter.  The  body  should  never  be  allowed  to 
steam  while  covered  with  drjring  shoes  or  clothes. 

Flannel  choUni-bands  should  be  worn  at  all  times.  Cloth- 
ing worn  in  the  daytime  should  invariably  be  changed  at 
night  for  flannel  pajamas.  The  head-covering  must  be  of  the 
heaviest,  and  the  protection  over  the  temples  should  be  espe* 
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cially  heavy.  The  topographer  should  not  expose  himself 
to  the  direct  rays  of  the  sun  more  than  absolutely  necessary, 
and  where  practicable  should  be  shaded  by  an  umbrella.  The 
back  of  the  neck  should  be  shaded  from  the  level  rays  of  the 
early  morning  and  late  afternoon  sun  by  a  c/(?(A  veil  hung 
from  the  back  of  the  hat. 

The  camper  should  sleep  in  a  hammock  or  on  a  cot.  He 
should,  if  possible,  never  go  to  sleep  wet  or  on  wet  ground, 
and  when  this  is  unavoidable  he  should  endeavor  to  sleep  in 
dry  woolen  blankets,  or,  if  he  must  sleep  in  wet  blankets, 
these  should  be  of  light  wool  and  should  be  next  his  body. 
Above  all,  the  head  should  always  be  protected  from  the 
f  night  dews  either  by  some  temporarily  improvised  shelter,  by 
<:overing  with  a  sheet,  or  the  canvas  bed-cover,  or  mosquito- 
netting  fine  enough  to  keep  out  the  moisture.  He  should 
avoid  rising  before  the  sun  has  dispelled  the  night  dew, 
Early  rising  is  very  dangerous  in  malarious  regions. 

Where  possible,  drinking-water  should  always  be  boiled 
and  allowed  to  cool.  (Art.  378.)  At  work  it  is  best  to  carry 
in  the  canteen  boiled  water  or  thin  coffee  or  tea.  Lime-juice 
should  be  freely  used  in  water  which  is  not  boiled.  Weak 
ginger  tea  made  of  a  thin  effusion  of  Jamaica  ginger  with  a 
little  sugar  is  a  palatable  and  safe  beverage,  especially  where 
the  water  is  alkaline.  Unless  absolutely  unavoidable,  water 
wiiich  is  standing  in  the  sun,  especially  running  water  in  shallow 
streams,  should  never  be  drunk  without  previously  boiling  or 
adding  whiskey  or  lime-juice  to  it.  Water  should  be  kept 
shaded  from  the  sun  as  far  as  practicable,  and  only  water 
which  has  stood  overnight  to  cool  should  be  used  if  possible* 

Water  may  be  kept  fairly  cool  in  canteens  throughout  the 
day  if  they  are  heavily  covered  with  one-half  inch  of  woolen 
blanketing  shielded  outside  by  heavy  canvas.  This  covering 
should  be  soaked  in  the  morning,  and  as  it  evaporates  it  keeps 
the  canteen  water  cooL  When  it  dries  off  it  should  if  possi- 
ble be  again  soaked,  perhaps  several  times  during  the  course 
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of  the  day.     The  covering  should  be  omitted  on  the  edges 
under  the  carrying-strap. 

Heai*y  fmds  and  flesh  foods  sliould  be  used  sparingly. 
resh  meats  once  a  day  and  in  moderate  quantities  should  be 
ateii  to  keep  up  the  system,  but  not  more  than  one  such  meal 
a  day  should  be  consumed.  Jerked  or  sun-dried  meat,  chipped 
beef,  or  the  •*carne  seca  **  of  Spanish  America  will  not  pu- 
trify  under  the  most  unfavorable  circumstances,  and  make  ai 
palatable  dish  when  stewed  with  canned  corned  beef,  potatoes^ 
onions,  or  other  vegetables.  Bacon  may,  in  spite  of  the  fact 
that  it  contains  fat,  be  used  once  a  day.  Eggs  should  not 
be  indulged  in  too  freely.  Cereal  foods,  as  rice,  cornmcal,  and 
good  bread,  beans  and  peas,  should  be  used  freely. 

5Frfsh  fruit  should  be  used  most  carefully  and  sparingly* 
It  may  be  safely  eaten  in  the  morning  providing  it  has  been 
picked  overnight  and  allowed  to  cool  in  the  night  air.  It 
should  never  be  eaten  after  ten  o'clock  in  the  morning,  not 
only  because  of  the  heat  of  the  body,  but  also  because  the 
iruit  itself  is  hot.  It  is  most  dangerous  when  picked  ripe 
from  the  tree  in  the  hot  sun.  Not  only  over-indulgence  but 
any  indulgence  in  fresh  fruit  after  the  heat  of  the  day  has 
|^_  come  on  is  most  dangerous.  Fruit  which  has  been  kept*  on 
^fice  or  otherwise  cooled  may  be  eaten  sparingly  after  sun* 
I  down. 
I  Excess  in  drinking  or  eating  should  be  scrupulously  avoided 

tin  all  climates.  Alcoholic  liquors  should  never  be  indulged 
in,  especially  in  the  tropics,  excepting  for  medicinal  purposes* 
Prolonged  immersion  in  bathing  should  be  avoided  in  alt  cH- 
mates,  especially  if  the  water  be  cold.  A  quick  plunge  or 
sponge-bath  may  be  indulged  in  daily  in  early  morning  or  late 
tvening- 
378.  Drinking-water.- — Nothing  is  more  certain  to  secure 
\  endurance  and  capability  of  long*continued  effort  than  the 
avoidance  of  everything  as  a  drink  except  cold  water,  and  at 
breakfast  a  little  coffee.     The  less  drunk  of  these  on  a  long 
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tramp  the  better*  since  one  suffers  less  in  the  end  by  control- 
ling the  thirst,  however  urgent. 

Poisonous  matter  of  many  descriptions  may  be  taken  mto 
the  stomach  in  drinking  bad  water,  Dysentcrj^  and  malarial 
diseases  ensue  from  its  use.  With  muddy  water  the  remedy 
is  to  filter;  with  putrid  %vater^  to  boil,  to  mix  with  charcoal*  or  J 
expose  to  the  sun  and  air,  or*  what  is  best,  to  use  all  three 
methods  at  the  same  time.  With  sail  water  nothing  avails 
but  distillation. 

Sand,  charcoal,  sponge,  and  wool  are  the  substances  most 
commonly  used  in  filtering  muddy  water.  A  small  piece  of 
alum  or,  better,  poivdered  alum  is  verj'  efficacious  in  purifying 
water  from  organic  matter,  which  is  precipitated  by  the  alum, 
and  left  as  a  deposit  in  the  bottom  of  the  vessel.  Above  all, 
whenever  there  is  the  least  uncertainty  as  to  the  quality  of 
the  water,  boil  it.  Nothing  is  so  sure  a  preventive  of  sick- 
ness in  camping  in  warm  climates  as  the  exclusive  use  of 
boiled  water  for  drinking. 

379.  Medical  Hints. — As  the  topographer  and  the  ex- 
plorer are  frequently  so  circumstanced  as  to  be  unable  to 
promptly  procure  proper  medical  attention*  and  as  the  nature 
of  their  duties  is  such  as  to  render  them  liable  to  certain 
classes  of  sickness  and  to  violent  injury,  the  following  sugges- 
tions have  been  prepared  for  the  emergency  treatment  of  the 
sick  and  injured.  In  all  cases  of  serious  illness  or  of  fractured 
limbs  the  best  medical  advice  procurable  must  be  sought  at 
once,  however  far  it  may  be  necessary  to  seek  it  or  to  move 
the  patient.  In  Article  384  Is  given  a  list  of  the  most  useful 
emergency  medicines  with  their  uses  and  size  of  dose. 

Malarial  Fevers. — These  are,  of  all  diseases,  the  most 
likely  to  be  contracted  in  camping  in  semic-tropic  and  tropic 
regions.  As  malaria  can  only  be  contracted  by  inoculation 
from  mosquito  bites,  great  care  should  be  exercised  in  ma- 
larious regions  to  protect  against  the  bites  of  these  in- 
sects.    Malaria  should  be  treated  by  administering   15  to  20 
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grains  of  quinine  before  the  expected  attack.  This  should 
be  preceded  invariably  at  first  by  one  to  two  compound 
thartic  pills.  If  the  dose  be  given  twelve  hours  previous  to 
he  renewal  of  attack,  it  will  have  better  results.  In  malarial 
localities  a  tablespoonful  of  whiskey  with  4  to  6  grains  of 
quinine  should  be  taken  daily  as  a  tonic.  In  severe  cases  of 
malaria  there  should  be  given*  excepting  in  the  hot  stage, 
uinine  in  doses  of  15  grains  at  intervals  of  eight  hours.  A 
over's  tablet  should  be  given  every  three  hours  with  quinine 
in  obstinate  cases  of  malarial  fevers.  Wherever  possible, 
even  at  the  expense  of  suffering  to  the  patient,  he  should  be 
removed  to  a  higher  and  dryer  situation,  if  such  be  accessible. 
Co/ic  is  treated  by  giving  i^  ounces  of  castor-oil  with  20 
rops  of  tincture  of  opium.  Also  it  may  be  treated  with  lO 
drops  of  essence  of  peppermint  or  a  teaspoonful  of  Jamaica 
ginger  in  hot  water.  Hot  turpentine  fomentations  should  be 
applied  to  the  abdomen,  and  3  grains  of  calomel  and  soda 
may  be  given  instead  of  the  castor-oil. 

For  Constipation  give  compound  cathartic   pills,  a  saline 

purgative,  as  Epsom  salts,  or  two  tablespoonfuls  of  castor-oil. 

In  obstinate  cases,  enemas  of  warm  water  with  olive  or  castor 

il  or  castilc  soap   should    be  given,    the   patient    meantime 

ing  down. 

For  Frostbite  moderate  friction   should  be  opplied  to  the 
rts  affected.      They  should    not  be  warmed  until  recovery 
well  advanced.     Where  snow  is  procurable,  friction  should 
be  produced  at  first  with  this  or  with  sponges  dipped  in  ice- 
ter.      As  the  parts  become  warmer  and  less  congested  they 
lould  be  encased  in  dry  flannel  or  cotton  wool. 

In  all  cases  of  P^/jt?///;/^^  vomiting  should  be  at  once  en- 
uraged.  The  simplest  ways  in  which  to  induce  it  are  by 
farge  draughts  of  lukewarm  mustard -water,  ipecacuanha,  soapy 
water,  or  by  tickling  the  thioat  from  the  inside.  After  this 
soothing  liquids  should  be  administered,  as  beaten  raw  egg, 
flour  and  water,  or  milk  in  large  quantities.     If  the  sufferer 
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be  much  depressed  and  have  cold  hands  or  feet»  and  blue 
lips,  some  stimulant  may  be  administered,  preferably  strong 
hot  tea  or  coffee, 

380.  Diarrhea  and  Dysentery. — Errors  in  diet  resulting 
in  simple  Diarrhea  may  be  treated  with  a  mild  laxative  of 
castor-oil  or  cathartic  pills,  A  change  of  diet  should  be 
made  to  milk  and  wcll-boiled  arrowroot.  A  glass  of  port 
wine  and  brandy  with  plenty  of  sugar  and  nutmeg  may  also 
be  administered  occasionally,  and  the  patient  be  kept  as 
quiet  as  possible.  If  diarrhea  refuses  to  yield  to  the  above, 
take  3  grains  of  calomel  and  soda  at  a  dose.  Should  it  occur 
after  a  chill  or  in  localities  where  dysentery  is  prevalent,  20  to 
30  drops  of  chlorodyne  should  be  given,  followed  at  bedtime 
by  five  Dover's  powders. 

Though  one  of  the  most  feared  of  all  tropical  diseases^ 
Dysentery  yields  quite  readily  to  timely  treatment.  It  is  most 
commonly  caused  by  sudden  or  prolonged  chills,  or  results  from 
bad  drinking-water  or  food.  Symptoms  are  diarrhea  followed 
by  irregular  and  shooting,  griping  pains,  straining  and  discharge 
of  mucus  from  the  bowels.  As  the  disease  advances  the  pains 
are  more  distressing  and  the  actions  more  frequent,  the  dis- 
charge being  tinged  with  blood  and  of  most  offensive  odor. 

This  is  the  first  stage  of  the  disease,  the  treatment  of 
which  consists  of  immediate  rest  in  bed  and  turpentine  fomen- 
tations on  the  abdomen  followed  by  a  large  linseed  poultice. 
A  mustard-leaf  should  be  placed  on  the  pit  of  the  stomach 
and  20  drops  of  tincture  of  opium  in  water  be  admtnistercd» 
followed  by  20  to  30  grains  of  ipecacuanha  powder  mi-ved  in 
water.  Fluids  should  be  abstained  from  to  avoid  vomiting. 
Repeat  ipecacuanha  pow^ders  twice  at  intervals  of  six  hours, 
and  give  five  to  ten  grains  of  Dover's  powder  at  bedtime.  The 
food  during  and  for  some  time  after  the  disease  should  con- 
sist of  boiled  milk,  weak  meat  broths,  and  well-boiled  arrow- 
;rfpot.      Beef  tea  should  be  avoided  as  too  heavy. 

Where  malaria  is  present  15  grains  of  quinine   may   be 
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given  in  addition  to  the  above.  In  advanced  cases  Dover's 
powders  should  be  given  instead  of  ipecacuanha.  Diet  is  all- 
important  in  this  dread  disease,  as  the  smallest  particle  of 
solid  food  may  set  up  an  irritation  which  will  prove  fatal. 

381.  Drowning  and  Suffocation. — Drowning  may  some- 
times be  of  such  duration  as  to  cause  natural  breathing  to 
cease.  Treatment  consists  in  the  re-establishment  of  the  action 
«of  breathing  by  means  of  artificial  respiration.  The  body 
ust  be  at  once  freed  from  clothing  which  binds  about  the 
neck,  chest,  and  waist  and  h^  turned  on  \X\^  face^  a  finger  being 
thrust  into  the  mouth  and  swept  around  to  remove  anything 
which  may  have  accumulated  there.  Respiration  may  then 
be  restored  by  Sylvester's  method^  which  is  as  follows: 

The  body  is  laid  out  flat  on  the  back,  with  a  folded  blanket^ 
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Fig,  204. — iNtJirciNG  Artificial  Respikation. 

shawl,  coat,  or  stick  of  wood  under  the   shoulders,  so  as   to 

ause  the  neck  to  be  stretched  out  and  the  chin  to  be  carried 

ar  away   from    the    chest.     The   tongue   is   drawn  carefully 

forward  out  of  the  mouth  by  holding  it  with  a  cloth. 

Some  one  now  places  himself  on  his  knees  behind  the  head, 
seizes  both  arms  near  the  elbows,  and  sweeps  them  round 
horizontally,  away  from  the  body  and  over  the  head  until 
they  meet  above  it;  when  a  good,  strong  pull  is  made  upon 
them  and  kept  up  for  a  few  seconds.  This  effects  an  inspira- 
fion — fills  the  lungs  with  air — by  drawing  the  chest-wall  up 
and  so  enlarging  the  cavity  of  the  chest. 

The  arms  are  now  swung  back  to  their  former  position 
alongside  the  chest,  making  strong  pressure  against  the  lower 
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ribs»  SO  as  to  drive  the  air  out  of  the  chest  and  to  effect  an  jct 
of  expiratian.     This  need  occupy  but  a  second  of  time. 

If  this  plan  is  regularly  carried  out,  it  will  make  aboul^ 
sixteen  complete  acts  of  respiration  in  a  minute.  It  should 
be  kept  up  for  a  long  time,  until  there  is  no  doubt  that  the 
heart  has  ceased  to  beat  or  until  natural  respiration  is  re-estab* 
lished.  The  cessation  of  the  pulse  at  the  wrist  amounts  to 
nothing  as  a  sign  of  death.  Often  life  is  present  when  only  a 
most  acute  and  practiced  ear  can  detect  the  sound  of  the 
heart . 

Respiration  having  been  re-established,  sthtiuianti  should 
be  given  as  soon  as  they  can  be  swallowed.  A  teaspoonful 
of  whiskey  in  a  tablespoonful  of  hot  water  may  be  given  ever)* 
few  minutes  until  the  danger  point  is  passed,  IVarmth  mu^^t 
be  secured  immediately  by  any  means  available,  as  hot  bot- 
tles«  plates  or  bricks,  warm  blankets  and  wraps.  The  body 
must  be  constantly  and  effectively  rubbed,  the  direction  of 
the  rubbing  being  towards  the  heart  to  help  the  labored  cir- 
culation of  the  blood.  Meantime  every  effort  should  be  con* 
tinued  to  restore  respiration.  No  attempt  should  be  made 
to  remove  the  patient,  unless  he  be  in  danger  from  cold,  until 
the  restoration  has  been  thoroughly  accomplished. 

382.  Serpent'  and  Insect*bites.— The  bites  of  Poisomm 
Snakes  demand  instant  cauterisatwn  or  exxision  of  the  injured 
part,  A  handkerchief  should  be  immediately  fastened  abo%*c 
the  wound  and  a  stick  be  passed  through  it  and  twisted  to 
prevent  the  poisoned  blood  from  moving  towards  the  trunk 
and  heart.  It  may  be  well  at  first  to  scarify  tlu  ivtmnd  to 
enable  it  to  bleed  freely.  Some  one  should  then  suck  it. 
If  practicable,  the  injured  part  may  be  soaked  in  hot  water 
and  squeezed  to  draw  the  blood  out  after  incision.  The 
wound  should  then  be  washed  out  with  a  fresh  solution  of 
hypochlorite  of  calcium  { 1  part  in  60  of  boiled  water)  or  of 
permanganate  of  potassium   to   neutralize  the  effects  of   the 
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vunom  not  absorbed  into  the  btood*     Ammonium  and  akokol 
must  be  avoided  as  they  are  harmful  and  interfere  with  the 
trum  treatment. 

A  subcutaneous  injection  of  apttivnum'  serum  (Art.  384), 
the  only  known  safe  and  suri:  cure  for  all  snake  bites,  should 
then  be  administered  with  a  hypodermic  syringe  in  the  cel- 
lular tissue  of  the  right  or  left  side  of  tlic  abdomen.  Treat- 
ment should  be  immediate  for  best  results,  though  it  may  be 
successful  after  as  much  as  three  or  four  hours.  H  there  is 
time  the  skin  should  be  carefully  cleansed  before  using  the 
•ringe,  the  needle  of  which  should  be  deeply  inserted, 
Josciy  compressed  with  the  fingers  for  a  couple  of  minutes, 
and  then  hastily  withdrawn.  large  quantities  of  the  serum 
in  be  injected  witliout  danger.  The  patient's  vitality  should 
sustained  with  hot-water  bottles,  hot  bricks,  and  blankets. 
Among  fnsect-bid'S,  the  most  annoying  arc  those  of 
fjc  ikigrt'.  The  treatment  must  be  applied  immediately 
id  before  the  insect  lays  its  eggs.  This  consists  in  anoint- 
^g  the  bites  with  a  10  per  cent  solution  of  iodoform  in  col- 
>dion.  Where  the  [>est  abounds,  each  individual  should 
rear  close-fitting  leggings  or  top  boots,  and  each  day  on 
rturning  to  camp  should  bathe  the  whole  body  with  salt 
IMter.  Lime-juice,  lemon-juice,  kerosene  oil,  or  salt  pork 
jbbed  over  the  infected  parts  of  the  body  prevent  the 
Sliigrcs  from  entering  the  skin  by  removing  them.  Flowers 
\{  sulphur  dusted  into  the  bouts  each  morning  will  often  pre- 
en t  chigres  from  attacking  the  limbs. 

3!^:^.  Surg:ical  Advice.  —  In  cases  of  Burns  or  Scahis 
Lrmove  immediately  with  scissors  all  clothing  about  the 
njured  part.  Protect  with  picric  acid  gauze  until  it  can  be 
pressed  properly.  Then  dress  with  sweet-oil,  castor^oil,  or 
iweet  lard,  but  no  oil  containing  salt  should  be  used.  Carron- 
^ih  which  is  a  mixture  of  linseed -oil  and  lime-water,  gives  the 
ireatest  relief. 
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In  Sprains  of  all  sorts,  as  those  of  the  wrists  or  joints, 
the  immediate  effort  should  be  to  rest  the  tendons  by  cov- 
ering the  parts  with  cotton  wool  followed  by  a  soft,  firm 
bandage.  Next,  the  inflammation  should  be  allayed  by  the 
application  of  hot  water;  finally »  the  absorption  of  inflam- 
matory products  should  be  promoted  by  friction,  kneading  of 
the  joint,  careful  motion  of  it,  and  alternate  hot  and  cold 
douching. 

Wounds  or  Clean  Cuts  should  be  treated  by  bringing 
the  edges  together  after  washing  with  antiseptic  solution, 
and  then  supporting  them  in  that  position  by  long  strips 
of  adhesive  plaster.  These  should  not  be  applied  to  the 
wound,  but  first  to  one  side  of  it  and,  drawing  the  fledi 
together,  to  the  other  side  so  as  to  bring  the  cut  parts  in 
contact. 

Hemorrhage  of  Vein-blood  should  be  treated  by  the  eleva- 
tion  of  the  part  and  the  application  of  cold  water,  ice,  snow, 
salt,  or  vinegar.  In  addition  to  a  severe  application  of  cold, 
firm  intense  pressure  should  be  applied  below  the  wound,  and 
this  generally  suffices  to  stop  it. 

Arterial  Hemorrhage y  known  by  the  bright  color  of  the 
blood  and  its  spouting  in  jets,  must  be  controlled  from  above^ 
i.e.,  on  the  side  towards  the  heart,  and  in  the  same  manner 
as  for  venous  hemorrhage,  but  by  the  application  of  firm 
pressure  over  the  artery,  if  it  can  be  located — which  it  fre- 
quently can  by  noticing  its  pulsations.  Stimulants  should 
not  be  given  at  all,  or  with  the  greatest  caution,  in  case  of 
hemorrhage,  as  they  excite  the  circulation  of  the  blood. 

384.  Medicine-chest. — No.  i.  Tincture  of  opium:  seda- 
tive. Dose,  10  to  30  drops  in  water,  not  to  be  repeated  for 
six  hours.  In  diarrhea,  dysentery,  pleurisy,  colic,  sleepless- 
ness, etc. 

No.  2.  Paregoric:  sedative.  Dose,  15  to  60  drops  in 
water.     In  colds,  coughs,  bronchitis. 
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*o.  3.   Chhradyne.     Dose,    5  to  2$  drops  in  water.     In 
seasickness,  diarrhea,  coltc,  cramps,  spasms,  neuralgia. 

No,  4.  Turpentine,  For  fomentations;  to  be  sprinkled 
on  flannels  wrung  out  of  boiling  water  and  at  once  applied  to 
the  skin.     In  colic,  dysentery,  pleurisy,  pneumonia. 

No.  5.  Carbolic  acid.  Used  in  solution  and  externally 
jnly:  i  part  to  100  parts  water  to  remove  foul  odors  or  to 
|rash  wounds;  i  part  to  20  parts  olive-  or  linseed-oil  as  an 
>plication  to  ulcers,  to  prevent  attacks  from  insects,  to  de- 
troy  ticks,  etc. 

No.  6.  Olive-oil,  For  use  with  above;  also  as  a  local 
[)pUcation  to  burns,  etc. 

No.  7,  Opium  pills,  one  grain  each.  Dose,  one  pill.  In 
|iarrhea,  rupture,  spasms,  colic,  etc. 

No.  8.  Dover  s  pozi'der,  in  capsules  or  tablets  of  five 
rains.  Dose,  one  to  two  capsules.  In  bronchitis,  coughs, 
>lds,  pleurisy,  dysentery,  fevers,  etc. 

No.  9.  Calomel  and  soda,  in  one-grain  compressed  tablets. 
)ose,  1  to  5  tablets.  In  torpid  liver,  disordered  stomach, 
|ver  congestion,  pleurisy,  diarrhea,  etc. 

No.  to.  Quinine,  in  five-grain  capsules.  Dose,  one  to 
ive  capsules.     In  malarial  fevers*  etc. 

No.  ti.   -^^^^tWfi////^/c»«/^<fT,  in  five-grain  capsules.    Dose, 
one  to  six  capsules.      In  dysentery ,  especially  in  the  premoni- 
>ry  or  acute  stages;  also  as  an  emetic  after  poisons. 

No.    12.   Salicylate  of  soda   (purest   procurable),    in    ten- 
rain   capsules.     Dose,    one   to   eight   capsules  a    day.      For 
"heumatism  of  all  kinds. 

No.   13.    Vaseline.     For  use  as  simple  ointment. 
No.  14.  Permanganate  of  potash,  in  two-grain  pills.      For 
iake-bite»  internally;   as  surgical  wash  or  as  a  gargle  for  sore 
iroat,  one  dissolved  in  a  cup  of  water;   also  for  snake-bite 
ijected  hypodermically  close  to  the  wound. 
No.  15.  Adhesive  plaster,  tape  rolled  in  tin. 
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No.  i6.  Mustard,  in  tin,  and  mustard-leaves.  For  counter- 
irritation  and  as  an  emetic. 

No.  17.  Two  clinical  thermometers  in  cases.  For  certain 
detection  of  fevers  when  temperature  is  noted  above  99**  F. 
This  invaluable  but  fragile  instrument  should  be  carried  in 
duplicate  in  case  of  accident. 

No.  18.  Several  long  cotton  roller  bandages^  various 
widths;  a  rubber  bandage  and  two  pairs  of  triangular  band- 
ages for  fractures.     • 

No.  19.  Borated  lint  and  absorbent  cotton.  For  dressing 
wounds  and  sores. 

No.  20.  Arrowroot,  As  a  food  after  fevers  and  dysentery 
and  after  violent  vomiting. 

No.  21.  Per  sulphite  of  iron.  Applied  to  wounds  to  stop 
violent  hemorrhage. 

No.  22.  Sun  cholera  tablets.  For  use  in  cases  of  diarrhea, 
cholera,  etc.  Dose,  one  every  two  hours  until  three  or  four 
have  been  taken. 

No.  23.  Extract  of  ^^v/.  (Liebig).  For  beef  tea  and 
broth. 

No.  24.  Collodion  with  2^^  salicylic  acid.  For  insect- 
stings,  skin  eruptions,  and  corns,  to  be  used  as  a  paint. 

No.  25.  Collodion  with  10^  iodoform.  To  be  painted  c:i 
wounds  as  a  dressing. 

No.  26.    Carbolizcd  vaseline.      For  dressing  wounds. 

No.  27.    One  hypodermic  syrini^e. 

No.  28.   One  dozen  assorted  surf^ica!  needles  and  silk. 

No.  29.   Styptic  cotton.      For  nose-bleed  at  high  altitudes. 

No.  30.    Iodoform.      For  dressing  wounds  and  sores. 

No.  31.  \%\i^etable  compound  cathartic  pills.  For  torpid 
liver  and  constipation.      Dose,  one  to  three  pills. 

No.  32.    Linseed.      For  poulticing  boils,  the  abdomen,  etc. 

No.  33.  Castor-oil  in  capsules.  As  a  mild  laxative  or  pur- 
gative.     Dose,  one-half  to  one  fluid  ounce. 
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No.  34.  Bichloride  of  mercury  tablets.  For  antiseptic 
wash  for  wounds  and  sores. 

No.  35.  Antivenene  serum .  For  hypodermic  injection  in 
snake  bites.  Dose,  10  c.c.  (contents  of  one  flask),  or  for 
large  snakes,  as  the  cobra,  20  c.c.  or  two  full  doses  at  once. 
The  serum  will  keep  for  years.  Procurable  from  Les  Esta- 
blissements  Poulenc  Fr^res,  92  Rue  VieiUe-du-Temple,  Paris. 

No.  36.  Picric  acid  gauze.     For  dressing  burns. 


CHAPTER  XLI. 
PHOTOGRAPHY. 

385.  Uses  of  Photography  in  Surveying. — As  a    map 

record  alone  is  insufficient  to  completely  illustrate  the  results 
o(  an  exploratory  survey,  requiring  for  the  fuller  understand- 
ing of  the  discoveries  made  a  written  report  as  an  accompani- 
ment, so  also  is  such  a  report  incomplete  unless  accompanied 
by  illustrations  (Chap.  IV).  A  military  reconnaissance  must 
likewise  be  accompanied  by  a  report,  and  this  is  made  more 
comprehensive,  and  is  often  more  rapidly  and  lucidly  prepared, 
when  illustrated  by  sketches  or  photo<jraphs  (Chap.  V). 

The  present  sta^c  reached  in  the  development  of  the  sci- 
ence of  photography  is  such  that  any  one  possessing  the  qual- 
ifications necessary  for  the  execution  of  an  exploratory', 
geographic,  or  niihtary  reconnaissance  could  easily  acquire  the 
skill  ncci:ssary  to  make  photographs  for  the  proper  illus- 
tration of  the  accompanying  report.  The  varieties  of  work 
to  be  executed  under  such  circumstances  are  many.  They 
include  chiefly  outdoor  or  landscape  {)hotography,  but  in  ad- 
dition must  fre(]uently  be  accompanied  by  illustrations  of  the 
inhabitants,  the  fauna  and  flora,  as  well  as  details  of  the  geol- 
ogy of  the  regions  traversed.  Finally,  photography  is  now 
employed  (juite  extensively  in  the  making  of  topographic  sur- 
veys (Chap.  XI\').  and  may  be  used  in  determining  longi- 
tudes (Chap.  XXXVII). 
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386.  Cameras. — There  are  two  general  types  of  photo- 
graphic cameras: 

1 .  The  hand  camera ; 

2.  The  tripod  camera. 

The  former  arc  of  three  general  kinds,  namely: 

a.  Those  with  lenses  having  universal  focus, 

b.  Those  which  require  to  be  focused  by  means  of  a  scale 
attached  to  the  camera:  and 

c.  Those  which,  in  addition  to  being  used  as  hand  cam- 
eras, may  be  mounted  on  tripods  and  focused  as  are  stand 
cameras. 

The  stand  camera  is  mounted  upon  a  tripod  by  which 
It  must  always  be  leveled  when  used.  It  is  provided  with  a 
ground  glass  on  which  the  image  sighted  can  be  focused  by 
means  of  a  ratchet  motion  and  the  bellows  attachment  of  the 
lens.  For  general  exploratory  uses  the  extension  bellows 
should  be  of  red  Russia  leather,  as  red  ants  will  not  eat  this< 
According  as  the  rear  or  front  end  of  the  camera  is  moved  by 
:he  rack  motion  the  camera  is  said  to  have  a  front  or  back 
focus.  In  addition  it  should  be  possible  to  move  the  lens 
vertically  through  a  short  space  in  order  to  take  in  images 
which  cannot  be  reached  w^ithout  tilting  the  camera  out  of 
level,  which  should  never  be  done.  The  lens  and  the  plate- 
older  should  both  tilt  a  little  to  aid  in  seeing  objects  with- 
out the  range  of  view. 

Hand  cameras  are  made  in  all  sizes,  from  those  carried  in 
:he  pocket,  which  take  pictures  2\  by  l\  inches,  up  to  those 
hich  take  pictures   5    by   7   inches  and  are  provided  with 
all  of  the  refinements  which  permit  of  doing  the  best  tripod 
ork.     Hand   cameras,   however,   arc  rarely   provided   with 
a  sufficiently  fine  lens  for  the  highest  grade  of  photographic 
landscape  work.     For  this  reason  and  because  the  larger  hand 
cameras  have  to  be  focused  and  are  therefore  not  so  handy 
lor  so  satisfactory  either  in  manipulation  or  results  as  thif' 
smaller  hand  cameras  of  universal  focus^  the  best  camera  out^ 
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fit  for  the  explorer  would  be  a  small  fixed-focus  hand  camera 
and  a  first-class  tripod  camera.  Such  a  tripod  camera  should 
be  capable  of  taking  pictures  either  of  5  by  7  or  of  6^  by  %\ 
inches,  and  should  be  provided  with  the  best  combination 
wide  and  narrow  angle  lenses  procurable. 

For  photographic  surveying  the  relative  positions  of  plate 
and  lens  in  the  camera  must  be  invariable,  and  when  adjusted 
the  plate  must  be  exactly  verticaK  Accordingly  but  few  of 
the  makers  are  able  to  supply  suitable  cameras  where  the  work 
is  to  be  accurately  executed.  Nearly  any  camera  may  be 
readily  adapted  to  the  work  of  reconnaissance  surveying  by 
photographic  methods  when  there  is  oriented  upon  it  a  com- 
pass for  directions  and  cross-hairs  or  needle  pointers  to  fix  ini- 
tial directions. 

A  scale  showing  the  position  of  the  lens  for  focusing  on 
objects  at  various  distances  should  be  applied  to  all  stand 
cameras  in  the  same  manner  as  it  is  applied  to  high- grade 
hand  cameras.  All  good  tripod  cameras  should  in  addition 
have  the  position  of  the  universal  focus  and  the  corresponding 
stop  number,  as  F  16,  etc.,  marked  on  the  focusing- rack. 
Where  the  camera  is  provided  with  ground  glass  and  oppor- 
tunity permits,  this  should  always  be  used  in  focusing. 

The  tripod  camera  requires  a  f^nsmg-chth  to  be  ilirDvm 
over  the  head  of  the  operator  when  focusing  on  the  ground 
glass,  thus  producing  for  him  a  small  dark  room  in  which  to 
observe  the  glass.  This  focusing-cloth  should  be  of  rubber  or 
of  stout  black  baize  or  similar  material,  having  a  quantity  of 
leaden  shot  sewn  in  a  hem  around  the  edges  to  prevent  its 
being  blown  about  in  the  wind.  An  additional  ground  glass 
should  always  be  carried  in  the  field  as  a  precaution  against 
breakage.  Celluloid  covered  with  ground  glass  substitute 
is  useful  in  case  of  breakage.  If  a  little  powdered  emery 
be  carried,  a  glass  plate  may  be  cleaned  off  and  the  same 
quickly  turned  Into  ground  glass  by  rubbing  with  emery  and 
1clt>th. 
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387.  Lenses  and  their  Accessories. — For  the  ordinary 
purposes  of  photography  there  are  three  classes  of  lenses, 
namely : 

1.  Portrait  lenses; 

2.  Landscape  lenses; 
5.  Copying  lenses. 
Portrait  lenses  require  a  large  aperture  compared  with  the 

focal  length,  so  as  to  admit  a  large  volume  of  light  in  the  sub- 
dued atmosphere  of  a  room.  They  are  aplanatic;  that  is, 
they  can  be  used  without  a  stop.  They  have  little  depth  of 
focus,  narrow  field,  and  great  rapidity. 

C&(^ying  lenses  must  be  achromatic  and  anastigmatic.  They 
should  be  rapid  and  rectilinear. 

The  type  of  lens  best  suited  to  the  purposes  of  the  ex- 
plorer or  surveyor  is  that  which  may  be  used  for  general 
view -work,  where  great  flatness  of  field  is  unnecessary  and 
istortion  must  be  a  minimum. 

There  are  two  general  classes  of  landscape  lenses,  namely: 

1.  Single  achromatic  lenses; 

2.  Combination  lenses. 

The  single  lens  \s  that  most  used  in  instantaneous  hand 
era*?,  and  is  of  the  achromatic  converging-meniscus  type- 
he  flatter  the  lens  the  more  rapid.   The  defects  of  such  lenses 

are,  distortion  of  the  image,  moderate  angular  view  and  slow- 
less,  but  when  used  with  small  stops  they  have  depth  of  focus 
md  produce  crisp  negatives.    They  are  nonaplanatic  and  must 
be  used  with  stops.     The  defects  of  the  single  landscape  lens 
arc  largely  corrected  by  the  combinaiion  lens,  which  possesses 
many  of  the  best  qualities  of  the  copying  lens.      Combination 
Wide  and  narrate  angle  lenses,  now  made  for  the  best  land- 
ape  work,  will  take  wide-angle  views  with  the  two  glasses, 
and  narrow-angle  views  with  one  glass  removed. 

Distortion  as  applied  to  lenses  is  due  to  the  greater  refrac^ 
^  tion  of  the  rays  from  the  margin  of  the  lens  towards  the  axis. 
^K'his  defect  is  most  pronounced  in  single  lenses  without  dia- 


I     wii 
^an< 


870 


PHOTOGRAFHY, 


phragms.  Aberration  is  due  to  the  impossibility  of  obtaintrig  a 
good  definition  in  attempting  to  focus  on  the  gTX>und  glass. 
The  image  appears  as  a  circular  patch  of  light,  decreasing  in 
intensity  from  the  center  to  the  edges.  It  increase  as  the 
square  of  the  aperture  of  the  lenses,  and  inversely  as  its  focal 
length.  It  is  of  two  kinds:  i.  Lateral;  and  2.  Longitudinal. 
As  aberration  increases  so  rapidly  with  the  aperture,  stops  or 
diaphragim  are  employed  to  reduce  it.  Their  eflfect  is  to  cut 
off  the  marginal  rays.  In  use  the  camera  is  focused  with  a 
large  diaphragm,  and  a  smaller  one  is  employed  in  making  the 
exposure.  In  a  single  l^ns  diaphragms  are  placed  in  front. 
In  combination  lenses  they  are  placed  between  the  lenses.  As 
the  brightness  of  the  image  depends  upon  the  quantity  of 
light  admitted  by  the  diaphragm,  it  is  proportioned  to  its 
aperture  or  the  square  of  its  diameter*  The  larger  the  aper- 
ture the  more  light  admitted.  Brightness  further  %^aries  in- 
versely as  the  square  of  the  focal  length.  Thus  by  doubling 
the  focal  length  the  dimensions  of  the  image  are  doubled  and 
the  light  admitted  is  distributed  over  four  times  the  area. 
The  brightness  of  the  imagb  is  reduced  in  proportion. 

For  the  highest  type  of  photographic  surveying  the  lens 
must  be  (i)  rectilinear;  (2)  free  from  distortion;  (3)  it  should 
cover  an  angular  field  of  about  sixty  degrees,  and  (4)  the 
definition  should  be  uniform  over  the  entire  plate.  Slowness 
is  preferable  to  rapidity  in  order  to  get  strength  of  shades  and 
definition.  For  these  purposes  what  are  known  as  wide-angle 
lenses  must  be  employed.  They  are  doublets  of  two  lenses 
between  which  is  placed  the  diaphragm.  For  photographic 
surveying  on  the  Canadian  Government  a  Zeiss  anastigmatic 
of  F  18  aperture  and  14-minimeter  focus  is  preferred.  Such 
doublets  consist  of  an  achromatic  interior  in  which  the  flint  has 
the  higher  refractive  index.  Among  rapid  rectilinear  anas- 
tigmatic combinations  are  those  made  from  Jena  glass. 

When  attempting  panoramic  view-work  from  the  summit 
of  a  mountain  it  becomes   occasionally   desirable  to  lake  a 
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more  detailed  view  of  some  object  in  the  field.  This  cannot 
be  done  without  approaching  more  nearly  to  the  object  with 
the  camera.  There  is,  however,  an  attachment  called  a  tele* 
photo  combination  which  consists  in  the  addition  of  a  negative 
or  magnifying  element  in  the  rear  of  the  combination  proper. 
This  produces  larger  images  of  distant  objects,  but  it  must 
be  remembered    that    by   reducing   the    light    it    necessarily 

P reduces  the  rapidity  of  the  combination  lens, 
I  The  lenses  supplied  with  cameras  have,  as  a  part  of  their 
construction,  some  kind  of  shutter  for  making  both  time 
and  instantaneous  exposures.  These  are  operated  by  cylin- 
ders in  which  a  piston  is  actuated  by  compressed  air  from  a 
hand-bulb.  The  pressure  on  this  bulb  opens  and  closes  the 
shutter  The  best  shutters  are  so  automatic  in  their  con- 
^^struction  that  by  setting  a  pointer  to  the  required  speed  in 
^Pbeconds  or  fractions  of  a  second »  as  marked  upon  it.  the 
proper  time  is  given  by  the  shutter  upon  applying  pressure  to 
the  bulb,  or  it  sets  the  shutter  in  the  time  exposures. 

388.  Dry  Plates  and  Films.— The  effort  in  all  good 
photographic  work  is  to  obtain  results  full  of  detail  and 
clearly  defined.  The  most  difficult  operations  in  photography 
are  the  procuring  of  clearly  defined  landscape  views  because 
of  the  character  of  the  light  diffused  by  the  atmosphere.  As 
a  result  aerial  perspective  is  much  exaggerated  as  produced 
by  photography,  because  of  the  strong  actinic  effect  of  the 
blue  haze  through  which  distance  is  seen  and  which  speedily 
blurs  out  the  details  of  the  image*  The  presence  of  smoke 
or  dust  in  the  air  contributes  to  the  same  result. 

This  effect  can  be  eliminated  to  a  certain  extent  by  selec- 
tion of  dry  plates  especially  suited  to  such  work.  Ordinary 
plates  are  sensitive  to  the  blue  and  violet  rays  only.  Ortha- 
chromatic  or  isochromatic  plates  are  manufactured  which  are 
acted  upon  by  the  colors  at  the  other  end  of  the  spectrum, 
although  the  maximum  sensitiveness  is  still  to  blue  and 
violet.     By  using  a  screen  or  ray  filter  of  orange  or  reddish- 
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orange  glass  it  is  possible  to  exclude  the  greater  voltrnie  of 
the  light  rays  other  than  the  green,  yellow,  and  red,  and 
such  a  screen  in  connection  with  the  orthochromatic  pbtc5 
partly  solves  the  difficulties  of  photographiag  through  ha^c. 
All  that  is  required  in  such  a  plate  is  that  it  be  especially 
sensitive  to  other  rays  than  blue  and  viotet»  because  these  arc 
largely  cut  ofl  by  the  screen. 

The  proportion  between  direct  sunlight  and  skylight  %*arii 
with  the  altitude  of  the  sun  and  with  the  absorption  of  the 
atmosphere.  Shadows  look  more  intense  when  the  sun  is 
high  than  when  it  is  low.  Accordingly,  on  mountains  and 
in  general  landscape  view-work  at  high  elevations  the  contrast 
is  greatest  because  the  atmosphere  is  ver>'  light  and  the 
coefficient  of  absorption  proportionately  smalt.  For  this 
reason  good  photographs  of  mountain  scenery  are  scarce*  and 
also  because  of  the  wide  contrast  ranging  from  snow  and  sun* 
light  to  dark  woods  and  shade.  In  such  work  satisfactory 
results  can  only  be  expected  when  orthochromatic  plates  or 
color  screens  are  used. 

When  a  subject  presenting  strong  contrast  is  given  lonj 
exj>Qsi!rc  to  the  action  of  the  light,  the  image  appears  t^ 
spread  upon  the  plate.  The  edges  of  the  high  lights  mcrg( 
into  the  shadows  by  a  gradually  decreasing  tint,  according  to 
the  intensity  of  the  light  and  the  length  of  the  exposure. 
This  is  called  halation  and  is  due  to  the  light  which  has 
passed  through  the  film,  striking  the  rear  surface  of  the 
glass  plate  and  being  reflected  by  it  on  the  back  of  the  film, 
causing  there  a  halo.  The  remedy  of  halation  is  to  stop  the 
light  when  it  reaches  the  back  surface  of  the  plate  by  coating 
the  latter  with  some  non-actinic  material  which  will  absorb 
light.  Any  kind  of  opaque  material  will  not  do.  The  coal* 
ing  must  be  in  optical  contact  with  the  glass,  and  the  refrac- 
tive index  of  the  coating  must  be  the  same  as  that  of  the 
glass.  Such  a  coating  is  produced  by  painting  the  back  q\ 
the  glass  with  a  solution  of  fine  lampblack  mixed  in  sandarac 
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dissolved  in  alcohol.  Nonlialation  produced  by  such  a  coat- 
ing is  rardy  necessary  in  ordinary  photography,  providing 
one  uses  dry  plates  which  are  orthochroniatic.  Where,  how- 
ever, it  is  necessary  to  photograph  towards  light,  as  viewing 
in  the  direction  of  the  sun  or  towards  electric  lights  at  night 
or  their  reflections,  even  the  best  grades  of  orthochromatic 
nonhalation  plate  may  be  reinforced  by  the  aid  of  the  non- 
halation  backing.  Before  developing  the  plate  so  backed, 
the  lampblack  must  be  washed  off  with  alcohol. 

The  isochromatic  nonhalation  plates  furnished  by  the  deal*  J 
crs  have  been  made  nonhalation  by  coating  them  with  two  or 
three  layers  of  the  silver  emulsion.  Thus  the  Seed  nonhala- 
tion plates  are  given  a  coat  of  emulsion  of  21  sensitometer 
test  followed  by  a  second  coat  of  emulsion  of  26  sensitometer 
test.  Wuerstner  triple-coated  isochromatic  nonhalation  plates 
have  three  coats  numbered  i,  2,  and  3.  The  principle  on 
which  these  work  is  that  the  light  coming  from  the  blue  and 
the  violet  rays  makes  its  way  more  quickly  through  the  first 
coating,  and  is  impressed  upon  the  second  or  third  coating  at 
about  the  same  time  that  the  light  coming  from  the  less  rapid 
rays  reaches  the  first  or  second  coating. 

Where  the  best  work  is  attempted  in  photographing  distant 
views,  dry  plates  prepared  as  above  must  be  used.  For  the 
general  purposes  of  the  photographer,  explorer,  or  military 
photographer,  however,  where  the  effort  is  merely  to  procure 
a  good  record  of  objects  seen,  the  most  satisfactory  plates 
are  the  simple  single  emulsion  plates  without  isochromatic  or 
nonhalation  character.  These  may  be  of  glass  or  on  cut  cellu* 
laid  films.  The  latter  give  excellent  results  for  all  practical 
purposes  of  the  amateur  photographer.  They  %vj1[  not  break 
in  transportation,  arc  less  heavy  and  bulky  than  glass,  and 
are  in  every  way  more  satisfactory  where  compactness  of 
outfit  is  an  item.  For  use  in  the  instantaneous  hand  camera 
roll  films  should  be  used.  With  the  larger  sizes  of  hand 
cameras  it  is  not  possible  to  stretch  the  film  sufficiently,  and 
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parts  of  it  are  thus  out  of  focus,  due  to  wrinkles  in  it.  The 
best  cut  films  are  now  prepared  with  isochromatic  nonhalation 
coatings^  and  give  results  almost  equal  to  the  best  glass  dry 
plates. 

389.  Exposures.— The  best  results  in  exposing  plates  in 
photographic  work  are  to  be  procured  by  using  slow  plates. 
This  gives  sufficient  time  to  bring  out  the  deep  shadows^  and 
there  is  less  likelihood  of  error  in  properly  timing  with  slow 
than  with  fast  plates.  Where  the  hand  camera  is  used  in- 
stantaneous exposures  should  be  made  whenever  the  light  will 
permit,  the  best  results  only  being  had  with  such  a  camera  by 
rapid  work-  Where  landscape  work  or  panoramic  work  from 
an  eminence  is  to  be  done,  or  where  detail  of  a  strongly  marked 
object  is  to  be  brought  out»  the  tripod  camera  and  slow  ex- 
posure should  be  used. 

For  a  plate  having  a  speed  which,  under  ordinary  con- 
ditions, requires  one-fifth  of  a  second  for  exposure,  a  small 
fraction  of  a  second  overtiming  or  undcrtiming  affects  the  plate 
more  seriously  than  in  the  timing  of  a  five-second  plate.  In 
the  latter  case  a  fraction  of  a  second  under  timing  or  overtim- 
ing is  of  small  moment.  In  exposing  a  slow  plate  it  is  best 
always  to  err  in  the  direction  of  overtiming,  a  little  more  time 
doing  less  harm  than  undertiming. 

The  exposure  to  be  given  a  plate  is  inversely  proportional 
to  the  intetisity  of  the  light  illuminating  the  object.  A  sub- 
ject requiring  an  exposure  of  ten  seconds  with  the  intensity 
of  light  taken  as  one,  will  require  an  exposure  of  five  seconds 
with  an  intensity  of  two*  The  light  received  by  a  landscape 
in  direct  sunshine  consists  of:  i,  Direct  rays  of  the  sun;  2, 
The  light  diffused  by  the  sky.  As  a  result  there  is  considera- 
ble change  in  the  exposures  required  at  the  same  time  of  day 
at  sea-level  and  at  great  altitudes.  It  has  been  found  that 
there  is  little  change  in  the  exposures  required  at  great  eleva^ 
tions  until  the  sun  approaches  the  horizon.  According  to  Mr. 
E.  Deville,  taking  the  exposure  with  the  sun  at  the  zenith  as 
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will  be  a  trifle  under  one  second.     With  the  sun  at  40  degrees        ^^H 
altitude  at  sea-level,  one  and  one-fourth  seconds  will  be  re*       ^^^| 
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at  1$  degrees  altitude  one  and  one-fourth  seconds  at  10,000 
feet,  three  and  one-half  seconds  at  sea-level. 

Fig.  205,  from  Lieut.  Reber's  **  Manual  of  Photogra- 
phy," shows  how  the  photographic  intensity  of  daylight  varies 
with  the  time  of  day  and  of  year.     Table  LXXII,  also  taken 

Table  LXXII. 

RELATIVE  TIMES  OF  EXPOSURE  FOR  DIFFERENT  STOPS   AND 

SUBJECTS. 


Slop. 

Open 
Landscape. 

Landscape  with 
Heavy  Fol^afire 
in  Foreground. 

Under  Treet. 

Fairly  Ughtcd 
Interiors. 

Badly 
Lighted 
Interiors. 

F    8 
Fii 
F  16 
F32 
F64 

0.25 
0.50 
I.OO 
4.00 
16.00 

1.50 

3.00 

6.00 

24.00 

96.00 

150 

300 

600 

2400 

9600 

150 

300 

600 

2400 

9600 

1 
1440 

2880    ; 

5760 
23040    1 
92160 

from  Rebcr,  shows  the  times  of  exposure  required  with  vari- 
ous sizes  of  stop  in  different  subjects.     This  is  arranged  on 

the  basis  of  the  Carbutt  B  16  plate  with  F  16  stop  and  normal 
exposure  on  open  landscape  on  a  day  when  three  seconds 
of  time  is  sufficient.  Such  an  exposure  is  taken  as  unity. 
Accordingly,  opposite  F  8  in  the  table,  under  badly  lighted 
interiors,  the  exposure  1440  should  be  multiplied  by  3  sec- 
onds, the  time  <;iven  the  unit  Carbutt  B  16  plate.  As  a  result 
it  is  found  that  the  time  required  under  these  changed  condi- 
tions will  be  I  hour  28i  minutes.  If,  in  experimenting  with 
another  and  faster  plate,  a^  Carbutt  Eclipse  27,  one-fourth  of 
a  second  is  required,  the  proper  exposure  with  the  F  64  stop 
on  the  landscape  with  foliage  would  be  96  multiplied  by  J-  sec- 
ond, or  24  seconds.  Thus  by  reference  to  this  table  and  by 
making  one  experimental  exposure  the  operator  may  know 
what  cx])osure  to  give  under  different  conditions.  He  must 
also  keep  in  mind,  however,  the  time  of  day  and  season  of  the 
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yc<ir  as  related  to  that  at  which  the  experimental  exposure 
was  made.  Then  by  reference  to  the  diagram  he  will  have  a 
fair  idea  of  the  time  required. 

Referring  now  to  the  diagram  (Fig.  205)*  if  the  three-sec- 
ond exposure  taken  above  as  unity  were  made  at  5  P.M.  in 
March  or  August,  the  same  subject  and  plates  would  require 
but  two  seconds  at  5  P,A!.  in  June.  It  would  require  60 
seconds  at  the  same  hour  in  November  or  at  7  a.m.  in  the 
mouths  of  March,  June,  or  August.  Again,  an  exposure 
made  at  7  P-M,  in  June  would  require  only  as  much  time  as 
one  made  at  5  p.m.  in  November. 

Much  depends  upon  the  toloring  and  briUiancy  <?/the  ob- 
ji€i,  especially  whether  there  is  much  green,  yellow,  brown,  or 
red  in  it.  Distinct  views  require  less  time  than  less  clearly 
defined  ones.  Exposures  are  often  made  only  lor  distance, 
others  for  foreground  only.  For  deep  shadows  long  exposure 
is  required^ 

390.   Developing^.^ — Before  developing  a  plate  it  should  be 

leaned   with  a  cameFs-hair  brush   to  remove  dust   from   the 

surface  which  would  otherwise  produce  pin-holes  in  the  nega- 

ive.     The  plate  should  also  have  been  dusted  before  placing 

in    the  plate-holder  before  exposure.      Where  an  effort  is 

lade  to  obtain  the  best  results,  only  filtered  or  boiled  %vatcr 

\x  water  from  melted  ice  should  be  used.      The  developing 

>lution  should  be  at  a  temperature  of  from  65  to  70  degrees, 

nd  must  never  be  warmer  than  this.      When  water  is  warm 

tnough  to  cause  the  emulsion  to   frill   after  development,  the 

,  fildtes  will  be  greatly  helped  by  first  flowing  over  the  surface, 

previously  wetted  with  water,  a  strong  solution  of  alum  water. 

The  negative  should  be  handled  only  by^  the  edges,  great  care 

Ding  taken  not  to  touch  the  film  side, 

Reforc  placing  in  the  developer  the  plate  should  have  ivater 
faived  over  it  to  thoroughly  w^et  it,    and    should   be  placed 
iti/sion  side  up  in  the  developing  tray.    The  developer  should 
lien  be  flowed  quickly  back  and  forth  over  the  surface  of  the 


880  PHOTOGRAPHY. 

EIKO   CUM    HYDRO    DEVELOPER. 
SOLUTION  NO.  I. 

Distilled  water 32  ounces 

Sulphite  of  sodium,  crystals 4       *' 

Eiconogen 330  grains 

Hydrochinon 160      •* 

SOLUTION  NO.  2. 

Distilled  water   32  ounces 

Carbonate  of  soda,  crystals 2       ** 

Carbonate  of  potassium 2       ** 

For  instantaneous  exposures  take  4  ounces  of  Wftter,  i 
Ounce  of  No.  i  and  i  ounce  of  No.  2 ;  for  normal  exposures 
on  rapid  plates,  3  ounces  of  water,  i  ounce  of  No.  i  and  ^ 
ounce  of  No.  2 ;  for  normal  exposures  on  slow  plates,  4 
ounces  of  water,  i  ounce  of  No.  i  and  }  ounce  of  No.  2. 

391.  Fixing. — After  the  negative  has  been  developed  it 
must  be  washed,  preferably  under  the  faucet,  until  all  the  de- 
veloper has  been  removed.  It  is  then  placed  immediately  in 
a  clearing  and  fixing  bath,  which  may  be  prepared  as  follows: 

SOLUTION    A. 

Warm  distilled  water 48  ounces 

Hyposulphite  of  soda 16       ** 

SOLUTION    B. 

Crystallized  sulphite  of  soda 2  ounces 

Warm  distilled  water 6       ** 

Add  I  dram  of  sulphuric  acid  to  2  ounces  of  water  and 
pour  into  B  solution.  This  latter  mixture  should  then  be 
added  to  the  hyposulphite  or  A  solution.  Before  using  the 
fixin^-bath  dissolve  i  ounce  of  chrome  alum  to  8  ounces  of 
water  and  add  this  to  it.  This  fixer  will  last,  a  long  while 
and  may  be  used  over  and  over.  It  both  clears  and  hardens 
the  negative.  An  inferior  fixing-bath  consists  simply  of  hypo- 
sulphite of  soda  dissolved  in  4  parts  of  water. 
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The  negative  shauld  be  left  in  \\\fi  fixer  about  five  minutes 
after  the  white  milky  bromide  of  silver  has  entirely  disap* 
peared  from  the  film.  Then  it  should  be  washed  for  three- 
uarters  of  an  hour  in  running  water  and  placed  in  a  rack  to 
If  for  any  reason  rapid  drying  is  necessary^  this  may  be 
camplished  by  flowing  methyl  alcohol  or  wood  alcohol 
vcr  the  negative  two  or  three  times,  which  will  take  up  the 
water.  In  hot  weather  a  bath  consisting  of  a  solution  of  alum 
in  water  should  be  used  both  before  and  after  fixing.  If  the 
negative  is  not  sufficiently  dense  for  printing,  it  should,  after 
oroughly  washing  the  last  traces  of  hyposulphite,  be  placed 
an  intensifying  solution. 

A  goad  intensifier  is  a  weak  solution  of  equal  parts  of  mer- 

ric  chloride  (corrosive  sublimate)  and  chloride  of  ammonium, 

nd   this  should  be  floured  over  the  plate  until  its  surface  is 

slightly  chalky;  the  longer  the  solution  is   used  the  denser 

ill  the  plate  become.     Afterwards  it  should  be  washed  with 

ater,  then  with  a  weak  solution   of  chloride  of  ammonium 

and,  after  being  thoroughly  washed,  immersed  in  a  bath  of 

10  minims  of  strong  ammonia  to  each  ounce  of  water  until 

the  plate  blackens  throughout,  when  it  should  be  washed  and 

ricd  in  a  rack.     To  diminish  the  density  of  an  overdeveloped 

iegative»  treat  the  plate  with  one  part  of  saturated  solution 

of  potassium  ferricyanide  mixed  with  ten  parts  of  lo  per  cent 

solution  of  hyposulphite  of  soda. 

The  following  tabular  arrangement  from  Reber  is  an  index 
the  various  causes  of  defects  in  negatives: 

Defect*  in  Ncfraiivca.  C^usc. 

Over-exposure  ;  whtte  light  entering 
camera  or  dark  room  ;  unsafe  de* 
vefoping  Jight  ;  old  and  decomposed 
developer  :  silver  nitrate  or  hypo- 
sulphite of  soda  in  developer  ;  de- 
veloper too  warm  ;  too  much  alkali 
and  noi  enough  bromide  in  de- 
veloper. 
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Defecii  ia  Ncf  attTct, 
2,  Weak     ncg3th*es     with     clear 

shadows, 
5,  Strong  with  clear  shadows. 

4,  Weak  negative  with  details  well 

OQt  ill  shadows. 

5,  Too  much  density. 

6,  Fine  transparent  lines* 


7,  Round  transparent  spots. 

S,  Pin*bolcs. 
9.  Yellow  stains. 

la  Mottled  negatives. 

It.  Crystallisation  on  negative. 
12.  Halattxm. 


Under-devetopnest. 
Under-exposure. 

Over-exposure  and  meorrect  dej 
velopmcnt. 

Developer  too  strong  or  too  warm, 
or  too  long  applied. 

Using  too  stiff  a  brush  la  dustis| 
plates,  or  slide  of  plate-holder  rubs 
against  the  surface  of  the  plates  or 
films. 

Air-bubbles  on  plate  daring  develops 
ment.  or  detects  in  emolsion. 

Dust  or  muddy  water. 

Old  developer  or  washing  tusufi' 
cient  to  elifttinate  hypo. 

Precipitation  from  old  hyposulphite 
bath  containing  alum. 

Imperfect  elitntnatioa  of  bypa 

Reflection  into  einuUion  by  the  glass 
back  of  the  light  transmitted 
through  emulsion.  May  be  pre* 
vented  by  coating  the  back  of  neg- 
ative with  a  black  wash,  or  by  using 
an  emulsion  of  such  thickness  as  to 
absorb  all  tight  falling  on  ii. 


39a.  Printing  and  Toning, — Various  fiafiers  for  priating 
can  be  procured  of  photographic-supply  dealers.  Special 
papers,  as  bromide  paper  for  dead-black  prints  or  platinum 
paper  for  black  or  sepia  prints,  are  accompanied  by  full  descrip- 
tions for  printing.  The  common  photographic  print  is  made 
on  silver  or  albumen  paper*  and  also  can  be  obtained  more 
cheaply  and  satisfactorily  from  the  manufacturers  than  it  can 
be  made,  and  it  also  is  accompanied  by  descriptions  of  the 
method  of  printing* 

It  is  better  to  z*arnisk  the  nrgatwe  before  printing  in  order 
to  prevent  scratching  or  otherwise  injuring  the  film.  The 
following  is  a  good,  tough*  hard  and  durable  vamish: 


mi- 


^^^^^^^^^^RINTJNG  AND    TONING.  883 

NEGATIVE   VARKISH, 

Shellac.  ....,..,  1}  ounces 

Mastic, \ 

Oil  of  turpentine •,  ,  .        \       ** 

Sandarac 2  J       ** 

Venice  turpentine *  ,  . ,  ,        \       " 

Camphor .  .  20    grains 

Alcohol ...  20    ounce 

To  print,  the  negative  is  placed  in  the  printing-frame,  film 
side  up>  and  back  of  this  is  placed  a  piece  of  sensitized  paper 
of  the  same  size  as  the  negative,  with  the  silver  side  down  or 
facing  the  negative.  The  whole  is  backed  by  blotting-paper 
to  fill  the  frame,  which  is  at  once  closed  and  stood  on  edge  in 
such  manner  as  to  expose  it  to  the  direct  rays  of  the  sun* 
The  printing  should  continue  until  the  shadows  bronze  out 
well,  the  operator  keeping  in  mind  that  the  print  will  be  less 
strong  when  toned  and  fixed.  In  examining  the  print  this 
should  be  done  only  in  subdued  light,  great  care  being  taken 
to  raise  only  one-half  of  the  back  at  a  time  and  not  to  let  the 
negative  or  paper  slip.  Where  the  best  class  of  work  is  at- 
tempted the  printing  should  not  be  done  under  the  direct  rays 
of  the  sun,  but  under  ground  glass  on  a  cloudy  day,  or  in 
subdued  light,  thus  procuring  softer  results. 
I  After  removing  the  prints  from  the  frames  they  should  be 
kept  in  a  dark  box  until  toned,  which  should  be  done  within 
24  hours.  Prints  are  not  fixed  immediately  after  printing 
because  of  the  disagreeable  reddish  color  produced.  To  ob- 
viate this,  where  pleasing  effects  are  desired,  the  print  is  first 
ioHcd  by  placing  it  in  a  solution  of  chloride  of  gold,  the  salt 
of  which  comes  in  very  small  sealed  bottles  and  is  best  kept 
by  dissolving  it  in  water  in  proportion  of  one  grain  to  the 
ounce, 

To  get  good  purple  and  black  colors  immerse  in  a  toning- 
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bath  of  9  ounces  of  water  to  i  ounce  of  gold  solution 
neutralized  by  a  little  carbonate  of  sodium  until  the  bath  is 
alkaline,  as  shown  by  the  testing>paper.  A  rich  warm  tone 
recommended  by  Reber  is  i  ounce  of  gold  solution  to  30  grains 
of  acetate  of  sodium  in  8  ounces  of  water.  The  longer  the 
prints  remain  in  this  bath  the  browner  the  tone.  The  most 
satisfactor>'  results  are  procured  by  preparing  the  bath  at  least 
a  day  before  using. 

Before  toning  prints  they  should  be  was/ud  face  downward 
by  laying  them  in  a  basin  of  water  until  there  is  no  trace  of 
cloudiness  in  the  water,  each  print  floating  separately  by 
itself.  The  prints  should  then  be  laid  face  up  in  the  toning* 
bath  separately,  the  separation  being  produced  by  dropping 
the  prints  one  at  a  time  so  that  there  shall  be  a  layer  of  liquid 
between  them.  The  tray  should  then  be  given  a  gentle  rock- 
ing motion  until  the  toning  has  progressed  far  enough,  when 
the  prints  should  be  removed  and  placed  face  downward  in 
the  water  to  stop  the  action  of  the  toning  solution.  A  little 
salt  added  to  the  water  stops  the  action  more  quickly  and  pre- 
vents the  tendency  to  blister. 

After  toning  and  washing,  the  prints  should  be  put  in  the 
fixing- bath  of  I  part  of  hyposulphite  of  soda  to  4  parts  of 
water,  in  which  they  should  be  left  for  15  minutes.  When 
fixed  the  whites  will  appear  colorless  and  the  shadows  be  free 
from  red  spots.  The  fixing-bath  will  be  improved  by  a  dram 
of  ammonia  added  to  each  10  ounces  of  water,  as  the  am- 
monia increases  the  speed  of  fixing  and  prevents  blistering. 
After  fixing,  the  prints  should  be  icashed  in  running  water 
for  several  hours  to  remove  every  trace  of  hyposulphite, 
which  would  otherwise  cause  the  prints  to  lose  brilliancy  and 
fade.  There  can  now  be  procured  of  all  dealers  a  self-toning 
paper  which  has  only  to  be  put  in  water  and  hypo.  This 
paper  is  especially  convenient  in  getting  proofs  in  the  field. 

The  following  table  is  given  by  Reber  as  indicating  th<* 
defects  in  prints  and  their  causes: 


BLUE'PRINTS  AND   BLACK-PRINTS.  88$ 

Defecu  in  Prinu.  Causes. 

1.  Small    white    spots   with    black 

center.  Dust  on  paper. 

2.  Gray  starlike  spots.  Inorganic  matter  in  paper. 

3.  Bronze  lines,  if  straight.  Line  of  stoppage  during   floating  of 

paper. 

4.  Bronze  lines,  curved.  Scum  on  sensitizing-bath. 

5.  Marbled  appearance  of  print.        Baths  too  weak  or  not  floated  enough. 

Note. — 3,  4,  and  5  refer  especially  to  albumen  paper. 

6.  Red  spots  on   prints,  especially 

in  shadows.  Marks  caused  by  moist  fingers  com- 

ing in  contact  with  paper. 

7.  Weak  prints.  Weak  negatives. 

8.  Harsh  prints.  Harsh  negatives. 

9.  Too  red  a  tone.  Undertoning. 

10.  Cold  blue  lone.  Overtoning. 

11.  Streaky  prints.  Acid  toning-bath. 

12.  Whites  appear  yellow.  Imperfect    washing  ;    imperfect   ton- 

ing ;  not  long  enough  fixing. 

13.  Yellow  spots  when  dry.  Imperfect  elimination  of  hypo. 

14.  Prints  refuse  to  tone.  Gold  exhausted  from  toning-baths,  or 

there    is    hypo  in  separate   toning- 
baths. 

15.  Dark,     mottled     appearance    in 

body  of  paper.  Improper  fixing  in  too  strong  a  light. 

16.  Blisters.  Saline  solution  between  emulsion  and 

paper.     Can  be  prevented  by  salt- 
ing the  first  wash-water. 

393.  Blue-prints  and  Black-prints — Both  blue- and  black- 
print  paper  can  be  purchased  of  dealers  in  draughting  and 
photographic  supplies.  Blue-print  paper  can  be  made  readily, 
however,  by  floating  close-grained  drawing-paper  in  a  bath  of 
I  part  of  ammoniocitrate  of  iron  and  2  parts  of  water, to  which 
is  added  I  part  of  ferricyanide  of  potassium  dissolved  in  4 
parts  of  water.  This  bath  must  be  kept  in  the  dark  and 
used  immediately.  The  paper  may  then  be  removed  and 
thoroughly  saturated  and  hung  up  to  dry  by  spring  clothes- 
pins. Blue-prints  are  printed  by  placing  the  tracing  over  the 
blue-print  paper  and  exposing  it  to  direct  sunlight.  Print- 
ing should  continue  until  the  surface  is  well  bronzed  or  blue, 
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according  to  the  paper  used,  when  it  is  at  once  placed  in  an 
abundance  of  flowing  water  and  washed  until  free  from  all 
blue  or  yellow.  The  blue-prints  are  then  either  hung  up  to 
dry  or,  better  still,  placed  between  blotting-paper. 

Black-print  paper,  or  that  which  produces  black  lines  on 
white  paper,  may  be  prepared  by  immersing  drawing-paper  in 
the  following  solution : 

Water 9  ounces 

Gelatin 3  drams 

Solution  of  perchloride  of  iron  (U.  S. 

Ph.) 6  drams 

Tartaric  acid 3  drams 

Ferric  sulphate 3  drams 

After  printing  develop  in  the  following  solution : 

Gallic  acid 6  drams 

Alcohol 6i  ounces 

Water 32  ounces 

Then  wash  and  thoroughly  dry. 

Another  formula  for  the  same  is  that  given  by  Mr.  B. 
Howarth  Thwaite,  and  is  as  follows: 

1 .  Gum  arable 12  drams 

Water 17  ounces 

2.  Tartaric  acid 13  drams 

Water 6  ounces 

3.  Persulphite  of  iron 8  drams 

Water .'.6  ounces  6  drams 

The  paper  to  be  prepared  by  immersion,  separately  in 
I  and  2,  and  to  be  developed  in  3. 
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A.  B.  C  star  factors.  758 
Aberration,  correction  for  diurnal, 

754 
in  lenses,  870 
Abney  clinometer  hand-level,  357 
Accidental  errors,  580 
Accuracy   of  astronomic  positions, 

744 

of  base  measurement,  516 

of  primary  traverse,  536 

and  probable  error  of  primary  tri- 
angulation,  553-592 
Acre,  English  equivalents  of,  673 
Adjusted  sketch  sheet,  27 
Adjustment  of  Burt  solar,  782 

figure,  616 

general  conditions  applied  to  tri- 
angulation,  616 

of  group  of  level  circuits,  345 

local  conditions  applied  to  trian- 
gulation.  616 

notation  used  in  figure,  618 

of  primary  traverse  to  astronomic 
positions,  542 

routine  of  figure,  617 

routine  of  station,  612 

of  Smith  meridian  attachment,  786 

station,  610 

of  transit.  20yd 

of  traverse,  202 
Adjustments   of  camera  for  photo- 
graphic longitudes,  794 

of  level ,  308 

of  telescopic  alidade,  158 
Aerial  erosion,  11 1 
Agonic  lines,  221 
Airy,  Wilfrid,  490 
Alidade,  49 

adjustments  of  telescopic,  158 

sight,  36 

solar  attachment  to  telescopic,  791 

traversing  with,  792 


Alidade,   manipulation   of  straight* 

edge  of,  178 
Alidades,  sight,  160 

telescopic,  21,  156 
Alkali  solution  in  developing,  879 
Altitude,  differences  of, from  vertical 
angulation,  364 

latitude  by  a  measured,  723,  725 
American  Ephemeris,  741,  747,  789 
Amphitheater,  131 
Andrews,  Horace,  335 
Aneroid,  22,  28,   29,  48,  70,  77,   87, 
100,  395 

errors  of,  395 

sketching  contours  with,  399 

using  the,  396 
Angle  equations,  619 

and    side   equations,  solution   of, 
625 

corrected  spherical,  633 

independent  measure  of,  586 

measuring  by  directions,  584 

measuring  by  repetitions,  584 

measurement  of,  by  series,  586 

methods  of  measuring  horizontal, 
584 

number  of  repetitions  of,  585 

sets  of  measures  of,  587 
Angles,  plane,  638 

precautions  in  measuring  horizon- 
tal, 577 

spherical,  638 

vertical.  29,  49 
Angular  lachymetry,  272 
Angulation,  vertical,  39,  361 
Animals,  forage  for,  849 

for  packing,  837 
Annual  magnetic  change,  222 
Aparejo  for  packing,  838 
Aperture  of  lenses,  870 
Apparent  day.  682 

displacement  of  celestial  body,  68S 
887 


888 
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Apparent  day,  motion  of  heavenly 

bodies,  680 
Aqueous  agencies,  11 1 

erosion,  11 1 
Arc  and  time,  intercon version  of.  698 
Areas   of   quadrilaterals    of    earth's 

surface,  436 
Arithmetic  mean,  probable  error  of, 

6f>7 
Army  pack-saddle,  339 
Aimv  sketchinfi:-case.  1666 
Army  wall  tent,  specifications  for, 
by  Quartermasters'  Department 
of  U.  S..  820 
Art  of  topographic  sketching,  40 
Artificial  respiration,  859 
Astronomer,  field-work  of  geodetic, 

679 
Astronomic  checks  on  triangulation, 
49f) 

day,  6S3 

determinations,  accuracy  of,  497 

formulas,  fundamental,  684 

latitude  and  longitude,  679 

methods,  678 

notation,  683 

planes  of  reference,  681 

position,  76 

position,  adjustment   of  primary 
traverse  to,  542 

position,  cost,  speed,  and  accuracy 
of,  744 

pf)sition,     reduction     of    primary 
traverse  to,  527 

stations.  34 

terms,  definitions  of.  679 

transit  and  zenith  telescope.  726 
Asircjnomy.  Chauvenet's,  678 

Dooliiilo's,  67S 

tjcoflcli<  .  (>~^) 

Hayford's  Ciet^detic,  67S 

works  «.f  reference  on.  Sog 
Aliiinsphcrc.  boilinj^  of,  34S 
AliTiosiiheric  {)ressure,  374 
Aitra*  tion,  local,  775 

local  magnetic,  222 
Au-tria,  s(  ak*  and  cost  of  surv(?y  of,  75 
\utf)iiiat'c  hclif)trr)j>cs,     7 
Aiilomaii.    suivcyin^   insinnnents,  291 , 
A',  t    rMTV'.I  ((jrinox,  681  [-91^ 

A  zi  mil  ill,  146 

a(. proximate  solar,  70S 

coinpiiialion  of  geodetic,  642 

correction  for  deviation  in,  753 

determination  of,  707 

at  elonfi^ation,  721 

errors,  in  primary  traverse,  528 


Azimath  and  latitade,  determinatioo 
of,  with  solar  attachment.  789 

of  a  line,  636 

mark,  707 

observations,  reduction  of,  720 

observing  for,  707 

on  primary  traverse,  535 

zero  of,  212,  636 
Azimuths,  76 

correction;   for  check  in  primary 
traverse.  539 

factors    for   computing   geodetic, 
649 

of  Polaris,  714,  716 

primary,  719 

of  secondary  accuracy,  712 

Baden,  cost  and  scale  of  survey  of,  67 

survey  of,  75 
Bagnall.  Gerald.  490 
Bags,  sleeping,  850 
Baker,  Ira  O.,  259,  264,  279,  490 

on  leveling,  326 
Baker,  tin  reflecting.  832 
Baldwin.  H.  L  ,503,  792 

record  of  base  measurement  by, 
518 

record   of   triangulation   observa- 
tions by,  589 
Baltimore,  survey  of,  64,  67, 104,  107 

topographic  survey  of  city  of,  490 
Barnard.  E.  C,  71 
Barometer,  70,  87 

aneroid,  395 

mercurial,  376 
Barometric    computation,    example 
of.  381 

determination  of  heights,  382 

formula  of  Laplace,  379 

leveling.  374 

leveling,    methods    and    accuracy 
of,  375 

notes  and  computation.  37S 

tables  of  Guyoi,  379.  383 

tables  of  Williamson,  379 
Bars,  compensated  base,  507 
Bars  and  steel  tapes,  relative  merits 
of.    for    measurement  of   bases, 

Base  a[)paratus.  contact-slide,  508 

Eimhcck  duplex,  511 

iced-har,  511 

Re[)sold,  514 
Base-bars,  compensated,  507 

duplex,  511 

corrected  length  of,  523 
Base  line,  62 
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Bmie-Hne.  cost,  speed,  and  accuracy 
of  tneasuremcm  of»  516 

expansion  of,  554 

layinfc  out  a,  505 

measuring  a,  507 
Base  map,  1 
Base-mcasuring     apparatus,    kinds 

of,  493 
Base  measurement.  497 

measurement,  accuracy  of »  497,498 

measurement,   correction  of,    for 
inclination,  519 

measurement,   correction  of,    for 
sag,  521 

measurement,  miscellaneous  cor- 
rections to.  526 

measurement,  probable  error  of, 
Soo,  501 

measurement,  record  of,  518 

measurement,  reduction  of.  517 

measurement,    relati%x   merits   of 
bars  and  steel  tapes  for,  4^ 

meas  .itnicm,  :*iurccs  of  crmr  m,  498 

mca^jrcmcnl  with  steel  tapes,  500 
Base,  retluction  of,  to  sea-level,  5^2 

reduction  of  broken,  ti>  straight  line, 

Base,  selection  of  site  for,  497      [533 
summary  of  measures  of  scctionsof, 
transfer  of  ends  of,  10  triangulaljoo 
signals,  5^4 

Basin,  131 

Basket,  pack.  847 

Batson  sketching  case,  166 

Bay,  127 

Beaman    W.  M,  stadia  arc,  243a 

Bcjun  com^|>ass,  478 

Be  hlcr,  W  m.  H..  283 

Bell  odometer,  ^31 

Bern  h  marks,  57,  316,  321 

Berliner  Jahrburh,  741,  751 

Bcssers  formulas,   factors  fi>r  rominit- 
m%  pnjbable  error  by,  608 
solution  of  thrce-pJint  problem,  188 

TMn  »vular  precise  level,  ,^i6 

Bites  of  serpents  and  insects,  S60 

Black-prints  of  maps,  885 

Blankets,  B50 

Blue-prints  of  maps,  683 

Board    of   Ordnance   and  Fortifica- 
tions,  report  of,  490 

Boards,  plane-table,  39,  152 

Bohn.  Dr.  C,  490 

•  Boiling  of  atmosphere,  348 
Boiling-point  of  water,  altitude  by, 
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402 
Boston  level-rod. 
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Boundary  lines,  conventional  signs 

for,  469 
Bowhiil,  Maj.  J,  H..  490 
Brainard,  F.  R.,  809 
Branncr,  John  C*,  1 10,  490 
Bridges-Lee  photo-thcodolite,  297 
Brough,  Bennett  H,,  490 
Buff  and  Berger  precise  level,  jaS 
Bumstead.  A.  H.,  168 
Burns,  860  , 

Burt  solar  attachment,  781 
Butte.  T29 

Cable.  English  equivalents  of,  674 
Cadastral  city  survey,  64 

map,  106 

map  of  Baltimore,  66,  X07 

maps,  scales  for,  447 

survey,  63 

sur\*cys,  2,  103 

surveys,  scale  and  cost  of,  107 
Cadastre.  104 
Cadrer,  104 
Camera,  photo-survcying,  298 

and    its    adjustments   for   photo- 
graphic longitudes,  794 

plates,  projection  of.  301 
Cameras,  photographic,  865 
Camp  cooking-stove,  831 

equipment,  831 

fire  fur  cooking,  830 

fires,  how  to  build,  830 

ground,  an  attractive.  815 

ground,  selecting   and  preparing, 
B«4 

mess-boxes,  831 

mess  kit,  831 

stoves,  cots,  and  tables,  827 

subsistence  in,  8t2 

tools,  833 

transporlation.  wagons  for,  836 
Camping,  underwear  for,  851 
Canal  line,  topographic  survey  of.  55 

location,  detailed  contour  survey 
for,  54 

location,  topographic  survey   for, 
52 

preliminary  map  of,  56 
Canals,  location  of,  51 
Canteens,  854 
Canvas  tent-floor,  826 
Canyon,  115.  119.  129 
Care  of  health,  hints  on,  853 
Carpenter,  Wm.  De  Yeaux,  490 
Cartography,  404 

Casting  duplicates  of  model  maps, 
485 
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^H             Casts  of  mcMlel  maps,  mate  rials  for» 

Coast  coefficient  of  refraction  by.  372 

^1                    4S6 

and  Geodetic  Survey,  cost,  accur- 

^^B             Cavalr)^  sketch-board*  164^  284 

acy,    etc,    of  astronomic    posi- 

^^H                 sketch-board,  skttchmap  with,  285 

tions  of,  744 

^^H              Celestial   body,   apparent   dtsplacc- 

cost,  speed,  and  accuracy  of  base 

^^1                      mcni  of.  688 

measurement  of,  516 

^^1                 latitude  and  longitude.  679 

cost  and  accuracy  of  triaftgulatioo 

^^B              Celluloid  for  plane-table  sheets,  I75 

of.  5Q2 

^^1             Center,  reduction  to,  608 

duplex  base-bars,  si  I 

^^1              Centering,  errors  of,  579 

level-rods  of.  333 

^H              Cenltmeter,  677 

leveling  of,  325 

^H             Central  projection,  Lambert's  sur* 

limit  of  precision  in  IeYe]iRgin»345 

^^H                       face-true.  410 

method  of  leveling  by,  332 

^^1                  projections.  406 

plane-table,  153 

^H              Chain.  34.  too.  103 

solution   of  three-point   problem. 

^^^                Gunter's.  value  of.  in  meters,  677 

190 

^^^^_^          measurements,  53 

speed  and  cost  of  levels,  351 

^^^^K 

Mandards  of  measure,  SI7 

^^^^^T                traverse,  196 

star  tables  from,  733                         ^1 

^                 value  of  Gunter's,  674 

tape  sketchers  of,  502                    ^^| 

^^P              Chaining.  334 

telescopic  alidades  of,  157            ^^| 

^^1             Chains,  engineers*  and  Gunter's,  234 

theodolites  of.  555                            ^^| 

^^1              Change,  magnetic.  221 

Coefficient  of  refraction,  371            ^^| 

^^1             Chart,  isogonic.  221 

Colby.  B.  H.,  490                                 ^H 

^^m             Chauvenet,  William,  809 

Colic.  857                                                 ^H 

^^B             Chauvenet*s    Astronomy,  614,  617^ 

Collimation.  error  of,  581,  753          ^H 

^H                     678.  733.  747 

Comparison  of  time,  774                    ^H 

^H             Check  azimuths,  correction  for,  in 

Compass,  103                                           ^H 

^H                     primary  traverse,  539 

beam.  478 

^H              Chigrca,  860 

-needle  in  plane-table  traverse,  197 

^H              Cholera-ban  Is.  852 

prismatic,  220 

^H             Chronograph,  longitude  by.  74S 

prismatic,  on  primary  triaogula- 

^H             Chronometer,  break-circuit,  749 

lion  reconnaissance.  S47 

^H                  error.  759 

prismatic,  for  traverse.  196 

^H              Chronometers,  76 

Compensated  base-bars,  507 

^H                  loTigitudc  by.  745 

Computation   of   apparent    declina- 

^V            Cinches  for  pack-saddle,  S40 

tion  of  star,  742 

^H              Cifider-cone,  123 

barometric,  378 

^B             Circuits   of    levels,    adjustment   of 

of  distances.  637 

^H                     group  of,  345 

example  of  barometric,  381           ^H 

^H              Circumpolar  stars,  reduction  of  ob- 

of  geodetic  azimuths,  642              ^H 

^^H                       nervations  on.  737 

of  geodetic  coordinates,  636          ^^| 

^H             Cistern  of  mercurial  barometer,  376 

of  geodetic  latitudes.  643               ^^| 

^V             City  surveys.  62 

of  geodetic  longitudes,  643            ^^ 

^B              Civil  day,  683 

by  latitudes  and  departures.  213 

B                  time,  683 

of    latitudes    and    longitudes    00 

time,  relations  of,  to  sidereal  and 

primary  traverse,  540 

solar,  695 

of  longitude,  757 

Clamp-screws  to  fasten  planc-iabk 

of  photographic  longitudes.  801 

paper,  177 

of  primary  traverse,  538 

Clarke,  Col.  A.  R..  809 

of  precise  levels.  333                             ^ 

ClIfT.  115.  129 

of  trigonometric  leveling,  368            ^^| 

^             Clinometer  hand-level,  Abney,  357 

veriital  angulation.  363                      ^H 

^H              Clothing.  850                                             1 

Computalirms.  factors  for  geodetic,  ^^Qt^H 

^H             Coast  and  Geodetic  Survey,  United 

Computing     geodetic     coordinateu^^ 

^H                     States.  63,  67.  221,  280,  343.  4t8, 

formulas  for,  638                         ^^| 

^^^^^     493^  «»o 

^^P                                             INDEX.                                                891            ^1 

Condition  equations.  604,  612 

Control,  traverse,  13                                       ^H 

Conditionit  general,  applied  to  tri- 

traverse  for  primary,  537                           ^^| 

angulaiion  adjosimeni,  616 

trigonometric,  18                                           ^^| 

locsil,  applied  to  inanguUtion  ad- 

vertical, 10                                                        ^^| 

justment,  616 

Conventional   signs,    463,    467,   469,             ^^| 

Cones,  phase  in  tin,  560 

471.  473.  475                                                   ^H 

Conical     projection,    equal-spaced, 

Convergence  of  meridians,  641                       ^^1 

^       415 

of    meridians,   allowance   for,    in             ^^^ 

^H  projection,  equivalent,  415 

primary  traverse.  539                                  ^^| 

^H  projection,  intersecting,  414 

of  meridians  in  map-projection, 405             ^^^ 

'          projection,  Mercaior's,  414 

Conversion  of  English    and   metric              ^^| 

projection,  tangent,  414 

measures,     factors     and    loga-             ^^| 

Conical  projections,  411,  412 

rithms  for,  676                                              ^H 

Connellsville  coke  map,  67 

Cooking  fire  for  camp,  850                                ^H 

Constants  depending  on  spheroidal 

outfits      for     transportation     on             ^^| 

figure  of  earth.  672 

backs,  833                                                    ^H 

determination    of   level    and    mi- 

stove for  camp,  831                                         ^^^ 

crometer,  732 

Coordinates,  formulas  for  comput*             ^^| 

numerical,  672 

ing  geodetic,  638                                         ^^^ 

of  transits,  752 

geodetic,  436,  636                                               ^^H 

Constipation,  S57 

geographic,  636                                               ^^| 

Construction  of  contours,  460              1 

planing  by  rectangular,  213                       ^^| 

of  hachure  map.  461 

polar,  636                                                          ^^H 

of  maps,  methods  of,  449 

for  projection  of  maps,  416                          ^^^ 

Constructive  agencies,  ill 

Corners,  section,  37                                           ^^^ 

Contact-slide  base  apparatus.  50^ 

Corrasion,  iii,  113.  it4                                    ^^| 

Contour  construction!  451,  460             , 

Corrected  length  of  base,  523                          ^^| 

grade,  5i»  53 

Correction   of  instrumental  errors,             ^^| 

interval.  65,  450 
lines.  53»  455 

5S0                                             H 

of  base  measurement  for  tnclina-             ^^| 

map«  48 

lion,  519                                                       ^^^ 

map,  shaded.  450,  453 

of  base  measurement  for  sag,  521              ^^| 

model  maps,  487 

of  base  measurement  for  tempera*             ^^^k 

projection,  461 

^H 

sketch,  459 

Corrections   for    observers'   errors,             ^^| 

sketching,  iB 

^1 

survey  for  canal  location,  detailed, 

to  primary  traverse,  53B                               ^^H 

■      S4 

Correlates,  627                                                    ^^| 

■■survey  of  reservoir  site,  59 

formation  of  table  of,  6t4                             ^^| 

^l^ontoured  hill,  465 

■  ubstitutton  in  table  of,  61$,  63a                 ^^H 

Contours.  12,  450 

weighted.  635                                                     ^^^ 

interpolating,  30 

Cost  of  astronomic  positions,  ;  14                  ^^| 

sketch,  452,  455 

of  base  measurement.  516                               ^H 

sketching.  37 

of  cadastral  surveys,  107                               ^^| 

sketching,  with  aneroid,  399 

of  geographic  surveys,  74,  75                     ^^^ 

Control.  30 

of  large-scale  topographic  survey,             ^^| 

hoHiontal,  10 

H 

instrumental,  72 

of  leveling,  349,  351                                     _^H 

land  survey.  38 

of  primary  traverse,  536                                ^^1 

by  magnetic  traverse  with  plane- 

of  primary  triangulation.  592                       ^^^ 

table,  199 

Cost  and  scale  of  survey  of  India,             ^^| 

plane-table.  23 

67.  75                                                           .  ■ 

from  public  land  lines,  36 

of  topographic  surveys,  40                           ^^1 

secondary,  34 

of  transportation,  814                                   ^^| 

sheet.  37' 

Cots,  camp,  826                                                   ^H 

•beet,  trtangulalioD,  14 

Counting  tape-lengths  on    primary             ^^| 

topographic,  15 

traverse,  53$                                                ^H 
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^H               Crater.  \%i 

1 
Diax,  Augustin,  491 

^^1               Crayon-shading,  reflef  by,  450-455, 

Differences  in  height  between  appar- 

^m 

ent  and  true  level.  549 

^^^^         Creek.  115.  131 

of  lime,  determining.  749 

^^^^H         Crevasse. 

Differential     refraction,    correcctoa 

^^^H         Criterion,  Pierce's.  604-606 

for.  738 

^              Cross-hairs,  errors  due  to  parallax 

Direction  ihcodolites,  555.  585 

^H 

Directions,    measuring    angles    br* 

^H               Cross-tree  pack  saddle.  S38 

584 

^^H                 Croton  water<-shed,  67 

Disintegration,  III 

^^1               Culminatiun  of  star  or  planet,  682 

Displiicemcnt  of  celestial  body.  »p* 

^H               Culminations  of  Polaris,  times   of, 

parent,  688 

^H              713 

Distance,  errors  of  measurement  of, 

^H               Culture,  5 

in  primary  traverse.  529 

^^^^             color  for  representation  of,  464 

Distances.  76 

^^^^K            conventional  signs  for  public  and 

computation  of,  637 

^^^^P                 private, 

and  elevations  for  stadia  readings  ^50 

^^^^         Curvature,  radius  of,  369 

estimating.  iS^ 

^^^               Curvature  and  refraction,  371.  550 

on  horizontal  from  ioclined  stadia 

^^^^H            and  refraction,  elevation  of  instru- 

measures.  249 

^^^^^B                mcnts  to  uvcrcome,  550 

inclined    stadia    reduced    to   hori* 

^^^^H           and  refraction    in  spirit^leveling, 

2ontal  by  diagram,  264,  266 

^^^l                347 

with  linen  tape.  228 

^^^V           and  refraction  in  vertical  angula* 

measuring  with  gradienter^  272 

^                      lion,  363 

methods  of  measurfng,  224 

^H                Cutts.  Richard  D.,  549,  S09 

reciprocal  zenith  at  two  stations, 

^H               Cuts,  861 

360 

^H                 Cylinder  projection.  Mercator's,  413 

by  time.  226 

^H                     projections.  410 

Distortion  of  lenses.  S69 

Ditching  tent.  825 

^H                Dam  site,  survey  of,  58,  61 

Diurnal   aberration,  correction  for. 

^H                Davidson.  George,  $09 

754 

^H                Day,  sidereal,  soiar,  mean,  apparent. 

magnetic  variation,  222 

^H                        etc..  682 

Divergence  of  duplicate  leireMiQes, 

^H                Declination.  68s 

33c»  343 

^^H                      arc  of  solar.  782 

Dividers,  proportional,  478                     " 

^H                     magnetic,  220 

three  legged,  478 

^H                 Declinations  of  stars,  determination 

Division  of  latitude   level,  vaiuc  01. 

^^H                          of  apparent.  741 

.       "^^ 

^^H                  Definitioits  of  astronomic  terms,  679 

Dome,  IIS 

^H                 Deflection  angles  in  plane-table  trav- 

Doolittle's      Practical     Astrooomy, 

^H                        erse,  200 

67^*  747      . 

^^1                   Departures  and  latitudes.  209 

Double-mounted  plane-table  paper. 

^f                     and  latitudes,  computation  by,  212 

174 

and  latitudes,  for  plotting  transit 

Double  leveling,  sequence  in,  329 

notes,  an 

Double  rodded  levels,  322 

and  latitudes,  signs  of.  212 

Double  tarjjet  level-rods,  333 

Developing  photographic  negatives, 

Double  targeted  levels.  319 

877 

Doubtful  observations,  rejection  ol 

Deville,  E..  296.  491.  874 

604 

Diagram,  stadia  reduction,  265 

Douglas.  E.  M,.  231,  809 

Diamond  hitch,  throwing  the,  841 

on  triangulation  adjustment,  617 

,                         Diaphragms  for  lenses.  870 

odometer.  250 

^H                   Diarrhea,  858 

Drafting  instruments.  477 

^H                 Diastrophic  forms,  121 

Drawing,  topograptiic.  449 

^H                    processes,  in 

Drinking,  excess  in^  855                    ^m 

^H^                 Diastrophism,  112 

water.  855                                           ^H 

^^ir          INDEX.                                                 ^93       fl 

Droivnin^,  850 

Ephemeris,  Ameriofin,  741,  747.  7S9        H 

Dry  plates.  871 

Equation,   correction   for  personal,        H 

Dulles,  Dr.  Charles  W.,  809 

774                                                              ■ 

Dune,  safKl.  It? 

personal,  729                                       ^^^H 

Dunntngion,  A.  F.,  790                           1 

Equalion^,  angle,  619                            ^^^H 

Duplejc  bjsc-appiiralus  of  £imbeck» 

of  condition,  604.  612                        ^^^H 

512 

formation  of  normal,  615               ^^^^| 

l>Ai&,  SIX 

side,  623                                                ^^^1 

Di»ptirate  leveling  with  double  rod, 

solution  of  side  and  angle,  625            ^^ 

331 

Equator,  plane  of,  6S1                          ^^B 

leveling  with  single  rod,  330 

Equatorial  parallax,  6S9                      ^^^H 

Dysentery,  358 

projections.  408                                  ^^^| 

projections,  central.  40S                   ^^^H 

Eating,  excess  in,  S55 

projections,  orthographic,  40S       ^^^^ 

Elarlh's    surface,    areas    of    quadri 

projections,  stcrct»graphic,  409      ^^^H 

laterals  of,  43b 

Equidistant  Bat  n)a(  s.  411                           ^| 

Ecliptic ,  plane  of,  6di 

Equinox,  autumnal,  l8i                         ^^^B 

Eimbcck,  Wm..  8«j<j 

^^H 

Eimbeck  duplex  b;*sc-apparatus,  512 

Equinoxes.  081                                     i^^H 

Elongation,  ajcimuth  at.  12\ 

Equiptnent  for  camp,  S31                             H 

Elongations  of  Polaris^  times  of»  713 

Equivalents   of    English    measures^        S 

Elevation,  differences  of  from,  stadia 

^M 

measures,  2^jo 

in  metric  system.  675                         ^^^H 

of  instrument  to  overcome  curva* 

of  meter,  English,  675                     ^^^| 

turc  and  refractiun,  550 

^^^^ 

^   Elevations  determined  by  stadia,  253   , 

Erosion.  113                                           ^^^1 

■       and   distances   from  stadia  read- 

tif                                ^^^H 

■           ings.  350 

aqueous,                                              ^^^| 

■       from  stadia  readings,  249 

in  hard  and  soft  rocks,  120 

H    Elimination,  solution  by,  tt% 

Erosive  action,  113,  114 

H  Engineering  news,  264 

Error  of  chronometer.  752 

H      spirit-leveling,  308 

of  collimation,  sSt,  753 

^        surveys,  2 

probable  of  primary  traverse,  537 

Engineer's  chain,  234 

of  run  of  micronietcr,  5S3 

transit,  203^1 

station,  775 

transit,  aztmuth  with,  70S 

triangle  of.  in  plane*table  resec- 

U. S.  Army,  level-rods  of.  333 

tion,  too 

U.  S.  Army,  leveling  of,  325 

Errors,  accidental,  580 

U.  S.  Army,  Hmtt  of  precision  of 

of  aneroid,  395 

leveling  of,  345 

of  centering,  579 

U.  S,  Army,  methods  of  leveling 

correction  of  instrumental,  580  * 

hy,  332 

external,  729 

U-  S    Army,   speed   and   cost   of 

of  graduation,  581 

levels  of,  351 

due  to  inequality  of  pivots,  582 

English  equivalents  of  meter,  675 

instrumental,  729 

linear    measures,  interconversion 

leveling,  sources  of,  339 

M.  '»73 

of  latitude  determination,  729 

measures,  metric  equivalents  of. 

of  observation.  578 

675 

kinds  of,  602 

and  metric  measures,  interconver- 

of observers,  729 

sion  of,  675 

and  their  correction.  578 

and  metric   measures,  factors  and 

due  to  parallax  of  cross-balfS,  5S2 

logarithms    for    conversion   of, 

periodic^  5S0 

676 

personal,  729 

Square  measures,  interconversion 

in     photographic    longittides, 

of.  674 

sources  of,  804 

Eathoffer.  S..  491 

in  primary  traverse,  528 

^^^^^^94                                                                       ^^^^^^^1 

^H              £rrors«  systematic,  sSt 

Flood'plain,  125                        ^^^^H 

^^M                 due  to  twist  in  scaffolds,  579 

Flooring,  tent,  835                          ^^M 

^^M                 in  vertical  uiangulaiton,  370 

Fly  to  wall-fenc,  818                         ^H 

^^m              Excess,  sphericaU  619,  638 

Focustng-cloth,  &6S                            ^^M 

^^M              Expansion  of  base  tine.  554 

Food  for  tropics,  854                         ^H 

^^M              Exploratory    and    geographic    sur- 

Foot,  English  equivalents  of,  673 

^^H                      vcys  compared,  77 

metric  equivalents  of,  675 

^^^^          map,  78,  79,  88.  69.  90 

metric  value  of,  677 

^^^^H          map  making,  33 

Forage  for  animals,  849 

^^^^H          maps,  scales  for.  447 

Formula   for  stadia    with    inclined 

^^^^H          plane-table  and  theodolite.  163 

sight,  246 

^^^^H                          3,  76 

with  perpendicular  sight,  243 

^^^^H         survevst   methods  and   examples 

Formulas    for    computing   geodetic 

^^^H 

coordinates,  638 

^^^^^           surveys,  use  of  sextant  in,  777 

fundamental  astronomic,  6S4 

^V             Exposures,  photographic,  874 

for  trigonometric  functions,  594 

^^1              External  errors.  739 

Formulas     for    solution    of     right* 

^^m                 projections,  407 

angled  triangles,  S94 

^^1              Extra-instrumental  errors,  57S 

France,  survey  of,  75 

Fremont,  Captain  J.  C,  78 

^^fc^       Factors   for   conversion  of  English 

Freshftcld.  Douglas  W,,  S09 

^^^^^              and  metric  measures^  676 

Frome,  Lieut. -Gen,,  491                    ^H 

^^^^B          for  geodetic  computations,  649 

Frostbite,  857                                         ^H 

^^^^^           for  reduction  of  transit  ohserva- 

Frost,  effect  of,  on  leveling,  341 

^^^                     tions,  75S 

Fruit  as  food  in  tropics,  655 

^M             Fall.   115 

Functions,     fundamental     formulas 

^H             Farrier's  kit,  S48 

for  trigonometric,  594 

^H             Fathom,  English  equivalents  of,  674 

logarithms  of  trigonometric,  217 

^^M                 metric  valiie  of,  677 

natural  trigonometric^  275 

^H               Fevers,  malarial,  856 

trigonometric,  594 

^H              Field-work  of  geodetic  astronomer, 
^^^^^          instructions  for  primary  tnangu- 

Furlong,  English  equivalents  of.  673 

Gannett,  Henry,  tii,  491,  809 

^^^^^             lation,  590 

traverse  plane-table,  160 

^^^^B         initructions  as  to  topographic,  12 

Manual  of  Topographic  Methods. 

^^^^H         of  observing  latitude,  730 

730 

^^^^^r          organization  of,  32 

Gannett,  S.  S,  computation  of  base 

^^m                 of  photographic  longitudes,  793 

measurement,  520,  524 

^^^^        Figure -adjustment,  616 

Gauss'  logarithmic  tables,  214 

^^^^^           n.otaCion  used  tn,  6tS 

Gelbcke,  F,  A.,  401.  49r 

^^^^P                          of,  617 

Geodesic  leveling,  307,  326 

^^^^       Figure  of  earth,  constants  depend- 

Geodesy,  495 

^H                      ing  on  spheroidal,  672 

works  of  reference  on.  809 

^H              Figures  for  primary   triangulation. 

Geodetic  astronomer.  6eld*work  of. 

■ 

679 

^^^^        Films  celluloid  and  cut,  87^ 

astronomy,  679 

^^^H          cut  celluloid,  873 

Astronomy.  Hay  ford's,  678 

^^^M 

azimuth,  computation  of,  64a              1 

^             Finding  the  stars.  686 

computations,  factors  for,  649     ^^| 

^f              Fire  for  cooking  in  camp,  830 

coordinates,  436.  63$                      ^^M 

^^                   wood,  830 

coordinates,  formulas  for  comptil- 

1                     Fires,  how  10  build  camp.  830 

ing,  638 

^^m               Fixing  negatives,  880 

latitudes,  computation  of,  645 

^B              Flagmen  on  primary  traverse.  533 

latitude  and  longitude,  679 

^M             Flat,  tidal.  127 

longitudes,  computation  of,  645 

^H              Flemer.  J.  A.,  301,  491 

position,  23,  776 

^^^^       Flies,  specifications  for  walMenC,  Sai 

survey,  1,  68 

moEx.                                  895 

J 

Geographic  coordinates,  636 

Gillespie.  Wm.,  49? 

H 

and    exploratory     surveys     com- 

Glacier, 123 

^^1 

pared,  77 

Glossary  of  topographic  forms,  133 

^^^ 

map.  5o,  &r 

Gnomonic  projections.  406 

^^^ 

map-making,  25 

Gore.  J.  H..  809 

^^^ 

mapping  by  traversing,  196 

Government    geographic     surveys, 

^^^ 

maps,  70 

scale  and  cost  of,  74,  75 

^^^ 

maps,  feature*  shown  on»  73 

surveys,  6 

^^^ 

maps,  scales  for.  447 

value  of  topographic  maps  to.  6, 

^H 

reports,  73 

7.8 

^^1 

survey,  instrumental  method,  69 

Gradation.  112,  113 

^H 

surveys,  i.  4,  68 

Grade  contour,  51,  53 

^^H 

surveys,  scale  and  cost  of.  74,  75 

Gradienter.  leveling  with.  37a 

^^1 

Geologic  structure.  73 

measuring  distances  with.  274 

^^1 

Geological   survey,    United   States, 

Graduation,  errors  of,  581 

^^^ 

12,   |S»  40.  71,   75,  Si.  Sj,   105, 

Graphic     solution    of     three-point 

^^1 

231.  242*  J43 

problem,  186 

^^^ 

using  aneroid  on.  396 

Great  Britain,  Ordnance  Survey  of. 

^^^ 

barometric  leveling  of.  375 

67,  107 

^^1 

bench  marks  of,  517 

survey  of,  75 

^H 

chronometers  of,  74!) 

Greenwich  time.  747 

^^^ 

color-scheme  of  maps  of,  464 

Gribble,  Theo.  Graham.  491 

^^^ 

cost*  accuracy,  etc.  of  astronomic 

Gunter's  chain,  234.  674 

^^H 

positions  of,  745 

value  of,  in  meters,  677 

^^H 

^^      cost,  speed,  and  accuracy  of  base 

Gurlcy,  W.  &  L,  E*.  level  rods  of. 

^^^ 

^H          measurement,  516 

333 

^^1 

^H      cost  and  accuracy  of  triangulation 

solar,  79i 

^^1 

H        of.  592 

Guyot.  A.,  379.491 

^^^ 

^^      method  of  topographic  surveying, 
20 
instrucibns  for  leveling  on.  320 

barometric  tables,  379,  383 

^1 

Hachure  construction,  4St 

^1 

leveUrods  of.  333 

map.  construction  of,  461 

^^1 

leveling  of.  325 

Hachured  hill,  465 

^^1 

limit  of  precision  In  leveling  of, 

Hachures,  12.  461 

^^1 

345 

shaded,  463 

^^^ 

long-distance  leveling  of ,  353 

Hachuring.  462 

^^1 

^H      number  of  sets  of  measures  of  an- 

Hairs,  stadia,  239 

^^1 

^H         gles  of.  sdS 

Halation  in  plates.  872 

^^H 

^H      plane-table  used  by.  152 

Hall,  W.  Carvel.  343»  353 

^^H 

^H     precise  level  of.  328 

Hand,  English  equivalents  of.  674 

^^1 

^^      primary  traverse  of,  536 

Hand-level,  29.  35s 

^^1 

r            ration  list  of,  834 

Hand  recorder,  232 

^^1 

^_       reduction  to  center  by,  60S 

Handicrafts,  knowledge  of,  8i2 

^^1 

^H      screw-clamps  for  fastening  plane* 

Hardy,  A.  S.,  492 

^^^ 

^V          table  paper.  177 

Haupt.  Lewis  M.,  491 

^^1 

speed  and  cost  of  levels  of,  351 

Hawkins,   George    T.,    record   and 

^^1 

standard  scales  of,  167 

reduction  of    primary  traverse, 

^^^ 

tape  stretchers  of.  503 

53« 

-^^1 

telescopic  alidades  of,  \%% 

Haydcn  map,  8: 

~^^l 

theodolites  of,  556 

survey.  73,  75 

^^1 

topographers  of.  811 

Hayes,  Dr.  C.  Willard,  112,  112 

^^1 

traverse  plane-table,  160 

Hay  ford.  John  F,.  809 

^^1 

renilh  tc  escope  of.  726 

Hay  ford's     Geodetic      Astronomy, 

^^1 

Geology,     relations    of,    to    lopog* 

678,  733 

^^1 

^K         raphy.  toS 

Health,  hints  on  care  of,  853 

^^1 

^BCeometric  locations.  14 

Heat  of  sun,  effect  of  on  leveUng, 

^^1 

^  Gilbert.  G.  K.,  3S0.  491 

340 

1 

J 
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Heavenly  bodies,  apparent   motion 

of.  680 
Hectare,  677 

Heights,  barometric  determination 
of.  382 

difTerences   in,  between  apparent 
and  true  level,  549 
Heliotrope,  automatic,  573 

hand-mirror,  570 

steinheil,  572 

telescopic,  570 
Heliotropes,  560,  566 

dimensions  of  mirrors  of,  569 
Hemorrhage,  861 
Hergesheimer,  E.,  491 
Hilgard,  J.  E.,  491,  810 
Hills,  Capt.  E.  H.,  492,  747,  794,  810 
Hodgkins,  W.  C,  492 
Homolographic    projection,     Moll- 

weide's  and  Babinet's,  412 
Horizon,  681 
Horizontal  control,  10 

parallax,  688 

projections,  central,  408 

projections,  orthographic,  408 

projections,  stereographic,  409 
Horn-protractor,  209 
Hour-angle,  681 

relations  of,  to  time  and  right  as- 
cension, 695 
Hour-circle,  681 

of  solar,  782 
Howell.  E.  E.,  483 
Hydrography,  5 

color  for  representation  of,  464 

conventional  signs  for,  471 
Hypsoijraphy.  5 

col(^r  for  representation  of,  464 

conventional  signs  for,  473 
Ilypsometrir  survey,  6S 
Hypsonietry,  3(^5 

Iced-har  base-apparatus,  511 

Inch.  English  equivalents  of,  673 
metric  e(]uivalents  of,  675 

Inches,  length  of  meter  in,  674 

Inclination,  correction  of  base  meas- 
urement for,  519 
corrections    for,   in    primary  trav- 
erse. 538 
of  plane-table  board,  iSi 

Inde[)endent    measures    of    angles, 
586 

India,  cost  and   scale  of  survey  of, 
67.  75 

Inequality  of   pivots,  errors  due  to, 
5S2 
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Information  surveys,  3,  4 
Insect-bites,  860 
Instructions    for  field-work  of 
mary  triangulation,  590 
for  leveling,  320;  for  precise  leveling, 
for  primary  traverse,  533  [319 

to  topographer,  8 
Instrument,   elevation   of,  to  over- 
come curvature  and  refraction, 
550 
errors  in  primary  traverse,  529 
manipulation  of  precise  leveling, 

335 
Instrumental  control,  72 
Instrumental  errors,  578,  729 
errors  and  their  correction,  580 
errots  in  leveling,  339 
methods  in  geographic  surveys,  69 
Instruments,  drafting,  477 
used  in  primary  traverse,  529 
for  primary  triangulation,  553 
required  on  primary  triangulation 

reconnaissance,  547 
used  in  topographic  surveying,  21 
for  triangulation  reconnaissance, 
547 
Intensifier  for  negatives,  881 
Interconversion    of   English   linear 
measures,  673 
of    English  and  metric  measures, 

675 
of  English  square  measures,  674 
Interpolating  contours,  30 
Intersecting   on    radial    sight-lines, 

149 
Intersection,  182 
locating  by,  34 
location  by,  182 
on  plane-table,  14S 
from  traverse,  24,  202 
Interval,  contour,  450 
Intervals  of  sidereal  and  solar  time, 

relations  of,  695 
Intervisabilily  of  triangulation  sta- 
tions, 549 
Inverse  problem,  646 
Irregular    method    of    topographic 
surveying,  19 
surveying,  93 
Irrigation  canal,  location  of,  53 
Isochromaiic  plates,  871 
Isogonic     chart    of    United     States, 
221 
lines,  221 


Jacob's  staff,  220 
jacoby,  Henry  S. 
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Iohnson,  J.  B.,  220,  249,  346,  492 
ohnson,  Willard  D.,  91,  156 
ohnson,  W.  W.,  810 
ohnson  on  leveling,  336 
plane-table  movement,  156 

Kern-level,  325 
Kilometer.  677 
Kippax,  Hargreaves,  7S6 

Lagoon,  127 

Lake  survey.  U.  S.,  base-apparatus, 
514 
coefficient  of  refraction  by,  372 
Lambert's,   equivalent   conical  pro- 
jection, 415 
surface-true     central     projection, 
410 
Land  lines,  control  from  public,  36 
lines,  sketching  over  public,  37 
Office  Manual,  U.  S.,  242 
survey  United  States,  37 
survey,  plats,  37 
survey  control,  38 
survey  control,  topographic  map 

on,  41 
survey  map,  106 

survey    map,    United    States,   40, 
105,  107 
Landreth,  W.  B.,  242 
Laplace's  barometric  formula,  379 
Large  areas,  projections    for   maps 
of,  437.  445 
scale  maps.  30 
Lash-rope,  839 
Latitude.  76 
approximate  solar,  724 
astronomic.  679 
and    azimuth,    determination    of 

with  solar  attachment,  789 
celestial,  679 

determination,    errors    and    pre- 
cision of,  729 
by  differences  of  zenith  distances, 

728 
field-work  of  observing,  730 
geodetic,  679 

methods  of  determining,  723 
observations  by  Talcott's  method, 

corrections  to,  738 
from  an  observed  altitude.  725 
reduction  of  observations  for,  743 
Latitudes,  computation  of  geodetic, 

643 
and  departures,  209 
and   departures,    computation  of, 

212 


Latitudes  and  departures,  for  plat- 
ting transit  notes,  211 
and  departures,  signs  of,  212 
factors    for  computing   geodetic, 

649 
and    longitudes,    computation   of 
on  primary  traverse,  540 
Least  squares,  method  of,  602 
Lee,  yhomas  J.,  492,  810 
Legendre,  rule  of,  602 
Length  of  base,  corrected.  523 
Lenses,  accessories  of,  869 

for  cameras,  869 
Lettering,  477 

samples  of,  475 
Level,  48,  57 
adjustments  of,  308 
binocular  precise,  326 
bubble,  sensitiveness  of,  339 
circuits,  adjustment  of  group  of, 

345 
constants  in  latitude  observations, 

732 
differences  in  height  between  ap* 

parent  and  true,  549 
error,  corrections  for,  752 
hand,  29 

lines,  divergence  of  duplicate,  343 
note-books,  322 
prerise,  332;  precise  spirit,  327'  * 
prec  ise  speaking,  335 
prism,  326,  333a 
rods,  double -target,  333 
rods,  single-target,  335 
rods,  sf)eaking,  270,  313 
spirit,  37,  63;  trier,  752 
\-alue  of  di\isions  of  latitude,  735 
value  of  divisions  of  striding,  752 
Leveling,  21,  52,  305 
accura'-y  of  trigonometric,  361 
barometric ,  374 

computation  of  trigonometric,  368 
comi)Ulation  of  precise,  t^t,^ 
cost  of,  349-351 
duplicate  with  double  rod,  331 
v\ith  single  n)d,  330 
efTev.t  (jf  atm(>si)heric  conditions  on, 

337»  340 
engineering  spirit,  308 
errors  of,  due  to  refraction,  342 
geodesic,  326  ' 
geodesic  spirit,  307 
with  gradienter.  372 
instructions  for.  320 
instructions  for  precise,  329 
length  of  sight  in,  337 
limit  of  precision  in.  344 
long-distance  precise.  352 


898 


INDEX. 


Leveling  methods  and  accnracj  of 
barometric,  375 

precise.  307,  325 

rods,  target,  311 

sequence  in  double-rodded,  329 

sources  of  error  in,  339 

speed  in,  349-3SI 

spirit,  34 

thermometric,  402 

trigonometric,  359 
Levelman,  work  of,  318 
Levels,  151 

divergence  in  duplicate  lines  of, 
330 

double-rodded,  322 

double-targeted,  319 

hand, 355 

limit  of  error  allowable  in,  321 

method  of  running  single  lines  of, 

317 

methods  of  running,  332 

platting  profiles  of,  324 

plumbing,  321 

precise,  64 

of  primary  quality,  320 

single-rodded,  320 

spirit,  22,  24 

trigonometric,  70 
Licka,  J.  L.,  492 
Linen  tape,  36 

tape  distances  with,  228 
Linear  measures,  interconversion  of 

English,  673 
Lining-in.  192 

Lippincott,  J.  B.,  53,  55,  62,  492 
Lists  of  stars,  731 
Local  aitraciion,  222,  775 

conditions    applied    to   triangula- 
tion  adjustment,  616 
Locating  by  intersection,  34 
Location  of  canals,  51 

detailed  contour  survey  for  canal, 
54 

by  intersection,  182 

of  irrigation-canal,  53 

paper,  49 

by  resection,  185 

topographic     survey    for     canal, 
52 
Locations,  distribution  of,  16 

geometric,  14 

number  of,  16 

from  plane-table  traverse,  26 

three-point,  186 
Locke  hand-level,  using  the,  356 
Logarithms  for  conversion  of  Eng- 
lish and  metrical  measures,  676   I 


Logarithms  of  numbers,  213 

of  trigonometric  functions,  215 
Long-distance  precise  leveling,  352 
Longitude,  76 
astronomic,  679 
celestial.  679 
by  chronograph,  748 
by  chronometers,  745 
computation,  757 
determination  of,  744 
geodetic,  679 
by  lunar  distances,  746 
Longitudes,    computation    of    gec- 

detic,  643 
factors   for  computing    geodetic, 

649 
field-work  of  photographic,  793 
and  latitudes,  computation  of,  on 

primary  traverse.  540 
by  photography,  computation,  801 
by  photography,  measurement  of 

negative,  797 
by     photography,     precision    of, 

808 
by  photography,  sources  of  error 

in,  804 
Lunar    distances,     longitudes     by. 

746 
photography,  76 

McCuUoch,  E.,  264 
McMaster,  Jno.  B.,  492 
Magnetic  attraction,  local,  222 

declination,  220 

diurnal,  secular  and  annual  varia- 
tion, 221 

needle    in    plane-table     traverse, 
197 
Malarial  fevers,  856 
Manual.  Gannctt's.  730 

of  U.  S.  Land  Office,  242 
Map  of  Baltimore,  66,  107 

base,  I 

cadastral,  106 

of  canal,  preliminary,   56 

completed  topographic,  31 

construction,  methods  of,  449 

construction,  photograph  used  in, 
293 

construction  of  hachured,  461 

construction    from    photographs, 
303 

contour,  48 

correctness  of  topographic,  15 

exploratory,  78,  79,  88,  89,  90 

geographic,  80,  81 

Hayden,  81 
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Map  modeling,  480 
mother,  i,  9 
mould  of  model,  485 
military  reconnaissance,  97,  98 
siege,  loi,  102 
topographic,  100,  loi 
plane-table  sketch,  71 
projecting  the  photographic,  300 
projection.  405 

public  uses  of  topographic,  6 
reconnaissance  sketch  with  range- 
finder.  285 
shaded  contour.  450,  453 
skeleton  model,  486 
topographic,  5,  39,  62,  109,  147 
U.  S.  land  survey.  106 
on  land  survey  control,  41 
Wheeler.  80 
Map-making,  exploratory,  23 

geographic,  23 
Mapping,  traversing  for  geographic, 

196 
Maps,  accuracy  desirable    in    topo- 
graphic, 8 
accuracy  of  topographic,  9,  15 
blue-  and  black-prints  of,  885 
color-scheme  of    U.   S.   geological 

survey,  464 
construction  of  relief,  480 
coordinates  for  projection  of,  416 
equidistant  flat,  40 
features    shown    on    geographic, 

features  shown  on  topographic,  5 
features  shown  on  geographic,  70 
of    large    areas,   projections    for, 

437-445 
large  scale,  30 
materials  for  modeling,  485 
methods  of  making  model,  483 
military,  6 
model,  449 
contour,  487 

materials  for  casts  of,  486 
model  and  relief,  478 
preliminary,  9 
projections   of   upon  a   po.yconic 

development,  418 
reconnaissance,  9 
relief,  449 
scale,  cost  and  relief  of  geographic, 

75 
scale,  cost  and  relief  of  detailed 

topographic,  67 
scales  for  exploratory,  geographic, 

topographic,  and  cadastral,  447 
uses  of  model,  479 


Maps,  value  to  .government  of  topo- 
graphic, 6,  7,  8 
value  to  state  of  topographic,  6, 

7.8 
Mark,  azimuth.  707 
Marks,  permanent  on  primary  tra- 
verse, 532,  535 
station  and  witness,  575 
surface,  575 
underground,  575 
Marsh,  127 

Mattress  for  camp,  850 
Mean  day,  b82 

time,  6S3 
Measure  of  base,  reduction  of,  to  tea 

level,  522 
Measured  base,  transfer  of  ends  of 

to  signals,  524 
Measuring  angles  by  directions,  584 
by  repetitions,  584 
apparatus  for  bases,  kinds  of,  498 
a  base,  507 

distances  with  gradienter,  272 
distances  with  linen  tape,  228 
methods  of,  224 

horizontal  angles,  methods  of,  584 
precautions  in,  577 
Measurement    of    angles    indepen- 
dently, 586 
by  series,  586 
base,  497 

base,  accuracy  of.  497,  498 
base,  correction  of,  for  inclination, 

519 
base,  correction  of,  for  sag.  521 
base,  miscellaneous  corrections  to, 

526 
base,  probable  error  of,  500,  501 
base,  record  of,  518 
base,  with  steel  tapes,  500 
base,  sources  of  error  in,  498 
of  bases,  cost,  speed,  and  accuracy 

of,  516 
of  distance,  errors  of,  in  primary 

traverse,  529 
by  pacing  and  time,  226 
horizontal  stadia,  244 
with  odometer,  229 
reduction  of  base,  517 
reduction  of,  on  slope  with  stadia, 

248 
with  wheel,  229 
Measurements,  chain,  53 
Measures  of  angle,  number  of  sets, 
587 
English     equivalents    of    metric, 
675 


^m^^9^                            INDEX                 ^^^^^^^B 

^^■^            Measures,    factors,  and    logarithms 

Micrometer,  error  of  mo  of,  583           1 

^^^^^               for  conversion  of    En^lisb  aod 

microscopes,  556                               ^J 

^^^^H               metric. 

tbcodotites,  554                                 ^H 

^^^^H           interconversion  of  English  linear. 

Microscopes,  mkro«»eter.  55ft         ^H 

^^B              675 

Middleton,  Reginald  E.,  ^41.  49!           1 

^^^K^  metric,  675 

Mile,  English  equiTaleots  of,  673           J 

^^^^^^A  «q  iia  re , 

metric  equivalents  of,  675              ^^1 

^^^^^^^pjnetric  rquivatents  of  English*  675 

Military  matps,  6,  gt                             ^^| 

^^^^^^^^  of  sections  of  base,  summarjr  of, 

memoirs,  93.  102                              ^^| 

^^B       533 

reconnaissance  map,  97.  ^           ^H 

^^^^K          with   stadia,  effects  of  refraction 

sketch,  99                                           ^H 

^^^^H              on.  366 

sketch  with  guide-nuip,  94             ^H 

^^^H          with  stadia,  horiiontal  distances 

sketch  without  gitide-map,  95      ^H 

^                    from  inclined.  249 

siege-map,    loO,  lOi                           ^H 

^H             Medical  hints,  856 

surveys,  92                                          ^H 

^^H             Medicine  chest,  863 

topographic  map.  lOO.  tot             ^^k 

^^m              Memuirs.  militarv,  95,  103 

Millimeter,  677                                       ^H 

^H             McndelKG.  H..  492 

MindelefT,  Cosmos.  483,  492              ^^H 

^H             Mendenhatl,  T.  C  499 

Mirror  heliotropes,  simple.  £70      j^H 

^^H             Mens  backs,  packing  on,  845 

Mirrors,  dimensions  of   heliotroM^I 

^^1              Mcrcatar*8  cylinder  projccttoo^  412 

569 

^^B             Mercator's  conical  projection^  414 

Mississippi  River  Commtssioii,  U.  S. 

^^H                  projection.  411 

standard  of  measure,  517 

^^1              Mercurial  baromeier«  376 

Missouri  River  Commission,    U*  S- 

^H             Meridian  attachment.  Smith*  785 

standard  of  measure.  517 

^H                 reduction  to.  for  latitude.  739 

Model  contour  maps,  487 

^^1                  transits,  time  by.  703 

duplicating  by  casting,  4S5            ^h 

^^B                 zenith  distance,  latitude  by,  733 

maps,  449^  47S                                    ^H 

^H             Meridians,    allowance    for    convcr- 

materials  for  casts  of,  486              ^^1 

^H                    gcncc  of,  in  primary  traverse,  539 

methods  of  making,  463                 ^^^ 

^^m                convergence  of«  641 

mould  of,  4S5                                      ^^^ 

^H                convergence  of,  in  map-projection. 

uses  of.  479                                          ^H 

^H 

maps,  skeleton.  486                        ^^1 

^H             Merriman.  Mansfield,  8to 

Modeling  the  map,  480                       ^^| 

^H                 on  least  squares,  614,  617 

maps,  materials  for.  485                 ^^| 

^^B              Mesa.  129 

Models,  479                                             ^" 

^^1             Mess-boxes  for  camp,  831 

MoUwcidc's  homolographic  projec* 

^H                  kit  for  camp,  831 

tion,  413 

^H              Meter,  677 

Moon    expc^sures    for  photographic 

^H                 English  equivalents  of  the*  675 

longitude,  794 

^H                  length  of,  in  inches,  674 

Moore  pack-saddle,  839 

^H              Meters,     conversion   of,    to   statute 

Moraine.  123 

^H                       and  nautical  miles.  676 

Morales  y  Ramircj.  D.  Jose  Pilar.  491 

^H                  value  of  Gunter's  chain  in,  677 

Morrison,  G.  James,  491 

^H              Method  of  least  squares,  602 

Mother -map,  t,  9 

^H              Methods,  astronomic,  678 

Motion,  apparent  of  heavenly  bodies. 680 

^H              Metric  equivalents  of  English  meas- 

Mountain,  115 

^B                       urcs,  675 

range.  131 

^H                  measures,  English  equivalents  of, 

ndge,  117 

^m           675 

volcanic,  123 

^H                  measures,  factors  aqd  logarithms 

Mountains,  care  of  health  io,  853 

^H                      for  conversion  of  English  and. 

Mould  of  model  map,  4S5                  ^^k 

^B                      676 

Movements,  plane-table.  155            ^^H 

^H                 measures,  interconversion  of  Eng- 

Myer's  formula  for  time,  704           ^^H 

^H                       lish  and,  675 

^^1 

^H               Micrometer    constants    in    latitude 

Nadir,  68r                                            ^H 

^H                      observation,  73a 

Natural  logarithm  funciions.  tl%          1 

INDEX.                                                 901           ^1 

Natuml  sines  and  cosines,  375 

Opaque  signals.  56a                                        ^^| 

tangents  and  cotangents.  377 

Open-country  sketching,  38                            ^^| 

Nautical  miles,  676 

surveying,  23                                                 ^^H 

Neck.  140 

Optical  illusions  in  sketching  topog-             ^^| 

Needle-points,  179 

raphy.  44                                                        ^H 

Needle,  traversing  with  plane-table 

Ordnance  Survey  of  Great  Britain,             ^^1 

and  magnetic,  197 

67.  107.  492                                                   ^1 

Negative  varnish,  883 

Organization  of  field  survey.  12                      ^H 

Negatives,  defects  in,  882 

Orientation,  tSi,  182                                         ^^| 

ptiotographic,  S81 

Orienting  traverse  plane-table,  198              ^^M 

NevA,  I4< 

Orthochromatic  plates.  871                               ^^| 

New  York  levclrod.  313 

Orthographic  projections,  407                        ^^^ 

Noe,  dc  la  and  de  Margerre  E.,  493 

^^H 

NormaJ  cqualions,  O27 

Paced  traverse.  21,  33,  38                                 ^H 

equations,  substitution  in,  615, 632 

Pacing,  36,  70.  87,  93                                          ^H 

Notatiun,  angle  and  side,  618 

measuring  distances  by,  334                      ^^| 

astronomic,  683 

in  traverse,  196                                                  ^^| 

used  in  figure-adjustment,  618 

Pack  animals  and  saddles,  837                      ^^H 

Notch.  141 

basket.  847                                                      ^^B 

Note-bo<»k5,  321 

cinches.  840                                                       ^^^ 

Notes,  barorociric,  378 

mule,  ability  of,  as  climber^  813                 ^^| 

level,  323 

loading  the.  843                                                ^^| 

platting  transit,  2I1 

Packing  on  men's  backs.  84s                           ^^| 

of  primary  traverse,  536 

Packmen.  847                                                      ^H 

of  transit  traverse.  208 

Palm,  English  equivalents  of,  674               ^H 

triangulaiion,  588 

Panniers,  839                                                        ^^| 

vertical  angulation,  362,  367 

Pantograph,  477                                                 ^^| 

Numbers,  logarithms  of,  215 

Paper,     fastening     to     plane-table            ^H 

Numerical  constants,  672 

board,  177                                                     ^^| 

Nunatak,  141 

location,  49                                                           ^H 

plane-table,  174                                               ^^| 

Oblique    plane    triangles,    solutioQ 

Parallax.  688                                                           ^M 

^^^     of.  597 

of  cross-hairs,  errors  due  to,  583               ^^| 

^■Dbservation,  errors  of,  S7^ 

of  sun,  tables  of,  691                                      ^^^ 

^V    kinds  of  errors  of.  603 

Parallel  projections,  407                                  ^^| 

r       Observations  on  circumpolar  Stars, 

Patterson,  Lieut«-CoL  Win*, 493                   ^H 

I                reduction  of,  737 

Peak,  131                                                              ^H 

^^    for  latitude,  reduction  of.  743 

Pedograph,  291a                                                     ^^| 

^H    by  Talcott's  method,  corrections 

Prllcton,  A„  493                                                       ^H 

^        10.  738 

Pent  il -holders,  179                                [lyg             ^^1 

1           rejection  of  doubtful,  604 

Pe^il  manipulation  of,  in  plane-tabling^            ^^| 

^—^    for  lime,  record  of,  754 

sharpeners,  179                                               ^^H 

^B    reduction  of,  752 

Perkiomcn  waier-shed,  67                                ^^^ 

^■^  weighted,  633 

Periodic  errors,  580                                            ^^H 

^HE>bserved  quantity,  probable  value 

Permanent  marks  on  primary  imv-            ^^| 

^■^     of,  603 

erse.  S35                                                      ^H 

^HDbservers'  errors,  739 

Personal  equation,  729                                      ^^1 

^H    errors,  and  their  correction^  57S 

equation,  correction  for,  774                      ^^| 

^■Observing  scaffolds,  565 

errors,  729                                                       ^^H 

for  time.  751 

Perspective  projections,  406                           ^^| 

Ocean,  127 

Peters,  Wm.  J,,  87,  748,  794                             ^H 

Ockcrson,  J.  A.,  493 

Phase  in  reflecting  signals.  560                      ^^| 

Odometer,  39,  48,  93,  loa,  339 

in  tin  cones,  560                                               ^^| 

conversion  table,  333 

Philadelphia  level-rod,  313                              ^^| 

traverse,  21,  33.  24 

Photograph  used  in   map-construe-            ^^| 

in  traversing,  196 

tion,  293                                                          ^^1 

Qgden.  Herbert  G.,  491 

Photographic  exposuret,  874                         ^^| 
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Photographic     longitudes,    camera 
and  adjustments,  794 

longitudes,  computation  of,  Soi 

longitudes,  field-work  of,  793 

longitudes,  measurement  of  nega- 
tive, 797 

longitudes,  precision  of,  80S 

longitudes,  sources  of  error,  804 

map.  projecting  the,  300 

negatives,  fixing,  880 

prints,  defects  in.  885 

surveying  cameras,  868 
Photographs,  developing  plates,  877 

fixing  and  toning,  882 

lunar,  76 
Photography,  uses  of,  in  surveying, 

866 
Phoiosurveying.  292 

camera  and  plates,  298 

lenses  for,  870 

and    plane-table   surveying    com- 
pared, 292 
Photo-theodolite.  297 
Photo-topography,  principles  of,  296 
Photo-topographic     survey,      field- 
work  of.  299 
Physiographic  processes,  no 

processes,  classification  of,  112 
Physiography,  no 
Pierce's  Criterion,  604-606 
Fierce.  Josiah,  Jr.,  181,  493 
Pike,  Captain  Zebulon  M.,  77 
Pirating  streams,  117 
Pivots,  correction   for  inequality  of, 
752 

errors  clue  to  inequality  of,  582 
Plain,  floo'l,  12? 
F*lains,  sketching.  35 

surveyinu ,  33 
Plane  anj^jes.  63S 

of  ecliptic,  6S1 

of  ecjuator.  6S1 

survey.  ^>S 

and  i<jj)o^ra{)hic  surveying,  146 

triangles,  solution  of.  596 
Planes     of     reference,     astronomic, 

681 
Plane-table,  48,  40,  52.  55,  62.  69,  lOO 

boanl,  3g 

fa^KMiing  paper  to,  177 

inclinati(jn  of,  iSi 

Coi'st  survey,  153 

control.  23 

foKliiig  exploratory.  162 

Gannett  traverse,   1 60 

intersection  on.   14S 

location  with  by  intersection,  183 


Plane-table,  manipulation  of  pencil 
and  straight-edge  on,  178 
movement,  Johnson,  156 
movements,  155 
paper,  174 
and    photo-surveying    compared, 

292 
sheets,  preparation  of,  175 
range-finding  with,  290 
setting  up,  180 
sheet,  23 
sketch  map.  71 
station  on  mountains,  851 
surveying,  147 
traverse  by  deflections,  200 
traverse,  locations  from,  26 
traverse    with    magnetic     needle, 

197 
traverse,  roads  resulting  from,  26 
triangulation,  12,  23,  24 
triangulation,  diagram  of,  25 
triangulation,  leconnaissance  and 

execution  of,  149 
triangulation,  secondary,  150 
triangulation  irom  tertiary  sketch 

points,  151 
tripods  and  boards.  152 

Plane-tables,  varieties  of,  152 

Planet,  culmination  of  star  or,  6S2 
transit  of  star  or,  682 

Plateau,  dissected,  I2q 

Plates,  dry.  871 

various  photographic.  S71 

Plats,  land,  37 

Platting  paced  and   timed   surveys, 
227 
profiles,  324 

by  rectangular  coordinates,  212 
transit  notes  by  latitudes  and  de- 
partures, 21 1 
with  protractor,  209 

Poisoning,  857 

Polar  axis  of  solar,  784 
coordinates,  63?) 
projections,  central.  40S 
projections,  orthographic,  408 
projections,  stcreographic.  409 

Poles.  s{)ecificaiions  for  shelter-tent, 
S24 
for  wall-tent,  822 

Polaris,  76 

azimuths  of,  714,  716 
latitude  by  altitudes  of,  723 
times  of  culminations  and  elonga- 
tions of.  713 

Polyconic    development,    projection 
of  maps  upon,  418 
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Polyconic  projection,  416 

projection,  construction  of,  416 
Position,  geodetic,  23,  776 
Positions,  astronomic,  76 
Powell,  John  W.,  109,  493 
Powell  survey,  plane-table  used  on, 

152 
Precautions  in  measuring  horizontal 

angles,  577 
Precise  level,  binocular,  326 
manipulation  of,  335 
ri>ds,  332,  336 

leveling,  307, 325;  instructions  for, 329 
leveling,  long-distance,  352 
levels,  64;  computation  of ,  333 
speaking;  level-iods,  336 
spirit-level,  327 
Precision  of  latitude  determination, 
729 
limit  of,  in  leveling,  344 
of  photographic  longitudes,  808 
Preliminary  maps,  9 

map  of  canal,  56 
Pressure,  atmospheric,  374 
Primary  azimuths,  719 
control,  traverse  for,  527 
triangulation,  37,  545 
triangulation,  accuracy  and  prob- 
able error  of,  553-592 
(triangulation,     cost,    speed,    and 

accuracy  of,  592 
triangulation,  error  of.  496 
triangulation  figures,  548 
triangulation,      instructions      for 

field-work  of,  590 
triangulation,  instruments  for,  553 
triangulation,  reconnaissance  for, 

546 
triangulation.  theodolite  for,  554 
traverse,  34.  37 

traverse,  adjustment   of,  to  astro- 
nomic positions,  542 
traverse,    allowance    for    convey- 
ance of  meridians  in.  539 
traverse,  azimuth  on,  535 
traverse,  computation  of,  538 
traverse,  computation  of  latitudes 

and  longitudes  on,  540 
traverse,     correction     for     check 

azimuths,  539 
traverse,  corrections  to,  538 
traverse,  cost,  speed,  and  accuracy 

of.  536 
traverse,  errors  of,  497,  528 
traverse,  instructions  for,  533 
traverse,    instruments     used     in, 

529 
traverse,  method  of  running,  531 


Primary  traverse,  permanent  marks 
on,  532.  535 

traverse,  personnel  of   party  oa» 
531.  535 

traverse,  record  of,  536 

traverse,  record  and  reduction  of» 
532 

traverse,  tape-lengths  on,  535 
Printing  photographs,  882 
Prints  of  photographs,  defects  in,  885 
Prism  level.  326,  333a 
Prismatic  compass,  70,  87,  220 

compass  on  primary  triangulation 
reconnaissance,  547 

traverse,  196 
Probable  error  of  arithmetic  mean, 
607 

of  base  measurement,  516 

by  Bessel's    formula,   factors  for 
computing,  608 

in  primary  triangulation,  553-592 

on  primary  traverse,  537 
Probable  value  of  an  observed  quan- 
tity, 603 
Problem,  inverse,  646 

three-point,  600 
Profile-platting,  324 
Projection,  conical,  411.  412 

Babinet's  homolographic,  412 

Bonne's,  416 

construction  of  polyconic,  416 

of  contours.  461 

cylinder,  410 

equal-space  conical,  415 

equivalent  conical,  415 

intersecting  cone,  414 

Lambert's  surface-true  central,  410 

of  maps,  coordinates  for,  416 

for  maps  of  large  areas,  437-445 

of  maps  upon  a  polyconic  devel- 
opment, 41S 

Mercator's,  411 

conical.  414 

cylinder,  412 

Mollweide's  homolographic.  412 

platting  triangulation  stations  on, 
436 

polyconic,  416 

Sanson-Flamsteed,  412 

star,  410 

tables,  method  of  using,  435 

tangent  cone, 414 

Van  der  Grinten,  413 
Projections,  map,  405 

circular,  412 

central,  406 

horizontal,  408 

polar,  408 
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Pfojections.  equatorial,  40S 
czteruai.  407 
gsomooic,  406 
orthographic,  407 
orthographic  equatorial,  406 
orthographic  horizontal,  40S 
polar,  408 
parallel,  407 
perspective,  406 
stereographic,  407 
equatorial,  409 
horizontal,  409 

polar^409 
Proportional  diTiders,  478 
Protractor  for  platting  transit  notes, 

309 
Protractors.  209 
Provisions,  833 
Prussia,  survey  of,  75 
Pyro-developing  solution,  879 

Quadrilaterals   of  earth's  surface, 

areas  of,  436 
Quad ri pod  signals,  561 
Qualtrough,  Lieut.  E.  F.,  %io 
Quartermasters'  Department,  U.  S. 

Army,  280 

Radial  lines,  intersecting  on,  149 

si^ht-lines,  148 
Radius  of  curvature,  360 
Railway,   location,    detailed     topo- 
graphic survey  for,  49 

location,  topography  for,  47 

reconnaissance,  47 

topography  for,  48 
Range,  mountain,  131 
Range-finder,  93.  100 

sketch  map  with,  2S5 

surveying  with,  283 

for  traverse,  284 

Weldon,  286,  288 
Range-finding.  282 

accuracy  and  difficulties  of,  289 

with  plane-table,  290 
Ranging-in,  192 
Ration,  833 
Ray-filter,  871 
Raymond,  Wm.  G.,  493 
Rcber,  Lieut.  Samuel,  810,  876 
Reconnaissance  maps,  9 

military,  95 

for  plane  table  triangulation,  149 

for  primary  triangulation,  546  I 

railway,  47 

sketch  map  with  range-finder,  285 

visual,  51  ' 

Record  of  base  measurement,  518 

of  primary  traverse,  532,  536 


Raeor    of  tioM  obaervatkMM,  754 
'    of  triaagulattos  obaenratkws,  588 
Recorder,  luuMl.  93s 

00  primary  trmvcrsa,  %%i 
Recungular  coordinates*   plattiag 

RednctioA  of  base  to  sea  level,  sss 

of  broken  base  to  siralglit,  ia6 

to  center,  606 

of  latitude  observations,  743 

of  primary  traverse,  53s 
Reference  planes  of  astronoaaiy.  6St 

works  on  geodesy  and  astrooom  v 
809 

works  on  topc^rapby,  490 
Regular  method  of  t<q»ofmphic  sttr> 

veying,  19 
Reflecting  signals,  560 

signals,  phase  in,  560 
Refraction,  689 

coefllcient  of,  371 

correction  lor  differential,  738 

and  curvature.  371,  550 

table  of,  540 

elevation  of  instrumenu  to  over- 
come, 550 

In  spirit-leveling,  347 

in  vertical  angaM^oa,  363 

effectt  of,  on  tevdlng,  349 

effects  of,  on  stadia  measures,  266 
Relief,  12 

color  for  representation  of,  464 

conventional  signs  for.  473 

by  crayon-shading,  450-455,  457 

of  geographic  maps,  75 

maps.  449.  478 

maps,  construction  of.  480 

representation  of,  450 
Repairs  to  camp-conveyances,  848 
Repeating  theodolites.  586 
Repetitions   of   angles,  number  of, 
585 

measuring  angles  by.  584 
Reports,  geographic.  73 
Representation  of  culture,  color  for, 
464 

of   hydrodrophy  or   water,   color 
for,  464 

of   hypsography   or   relief,    color 
for.  464 

of  woods,  color  for,  464 
Repsold  base-apparatus,  514 
Resecting  to  obtain  position,  150 
Resection.  182,  185 

location  by    185 

triangle  of  error  in,  190 
Reservoir  site,  contour  survey  of,  59 

survey,  60 


INDEX. 


90s 


Reservoirs,  surveys  for,  57 

Residuals,  604 

Respiration,    restoring    artificially, 

859 
Richards,  Col.  W.  H..  493 
Ridge,  alluvial,  125 
Right-angled  triangles,  formulas  for 

solution  of.  594 
Right  ascension.  681 

relations    of,    to  time    and    hour 
angles,  695 
River,  115,  125 
Roads   resulting    from    plane-table 

traverse,  56 
Rod,  English  equivalents  of,  673 
Rod-errors  in  leveling,  342 
*  Rodman,  work  of.  317 
Rods,  double-target  level,  333 

precise  level,  332 

preciie  speaking  level,  336 

single-taiget  level,  335 

speaking  level,  313 

stadia,  239 

stadia  and  level,  270 

target  leveling,  311 
Rood,  English  equivalents  of,  674 
Rope,  lash,  839 

Route  survey,  exploratory,  88,  89 
Rule,  slide.  168 

Run  of  micrometer,  error  of,  583 
Runge,  C,  810 
Running  levels,  methods  of,  332 

Saddler's  kit,  848 
Saddles,  pack,  837 
Saegmuller&  Co.,  base-bars,  508 
Safford,  T.  H..  810 
SaflFord's  Catalogue  of  Stars,  741 
Sag,    correction   of    base    measure- 
ment for,  521 
Sand-dune,  127 

Sansoii-Flamsteed  projection,  412 
Scaflf«)lds,  errors  due  to  twist  in,  579 

observing,  565 
Scalds,  860 
Scale  of  cadastral  surveys.  107 

of  detailed  topographic  maps,  67 

equivalents.  446 

of  geographic  surveys,  74,  75 

for  plaiting  transit  notes    209 
Scales.  iW)« 

for    exploratory-,     j;eographic,    topo- 
graphic, and  cadastral  maps,  447 

special,  i66<i 

steel,  478 
Scarp,  131 
Schott,  Chas.  A.,  493,  810 


Schweizerische  Landesvermessung, 

493 
Screw-tacks    to    fasten    plane-table 

paper,  177 
Sea  level,  reduction  of  base  to,  522 
level,  reduction  of  primary  trav- 
erse to,  538 
Secondary  azimuths,  712 
control.  34 

plane-table  triangulation,  150 
traverse,  35 
Section  corners,  37 
Secular  magnetic  variation,  222 
Self-reading  level  andstadia rods, 269 
Series,  measurement  of  anglesby,  586 
Serpent  bites,  860 
Sets  of  measures  of  angles,  number 

of,  587 
Setting  up  plane-table,  180 
Sextant,  87,  777 
adjustment  of,  778 
parts  of,  778 
using  the,  780 
Shade-line  construction,  451 
Shaded  contour  map,  450,  455 

bach u res,  463  [457 

Shading,   relief  by  crayon.  450,  455, 
Sheet,  adjusted  sketch,  27 
control,  37 
plane  table,  23 
sketch.  24 
traverse,  24 

triangulation  control,  24 
Sheets,  sketch,  35 

Shelter-tent  poles,  specifications  for, 
824 
tents,  specifications  for,  822 
Shutters  for  lenses.  871  [829 

Sibley  tent-stoves,  specifications  for, 
Side  and  angle  equations,    solution 

of,  625 
Side  equations.  623 
Sidereal  day,  682 
time.  683 
time,    relations   of,    to   civil    and 

solar,  695 
time,  relations  of,  to  right  ascen- 
sion and  hour  angle,  695 
Siege-map.  military,  loi,  102 
Sight  alidade,  36 

alidade, in  plane-table  traverse,  197 
alidade,  vertical  angle,  202 
alidades,  160 
length  of,  in  leveling,  337 
lines,  drawing  radial,  148 
Sign,   conventional,   467,    469,    471, 
473.  475 
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Signals,  night,  574 

opaque,  560 

phase  in  reflecting,  560 

reflecting,  560 

transfer  of  ends  of  base  to,  524 

triangulation.  559 

tripod  and  quadripod,  561 
Signs,  conventional,  463 
Single-target  level-rods,  335 
Site  for  base,  497 
Skeleton  model  maps,  486 
Sketch-board,  69.  93 

cavalry,  164.  284 
Sketch  contour.  459 

contours,  452,  455 

map,  71 

military  reconnaissance,  99,  102 

points,    plane-table   triangulation 
from  tertiary,  151 

sheet,  24;  adjusted,  27 

sheets,  35 
Skctrbing,  39,  63 

art  of  topographic,  40 

board,  cavaln-,  164 

case,  army,  i66ft 

case,  Hatson,  166 

contours,  18,  37 

with  aneroid,  399 

open  country,  r8;  plains,  35 

over  public  land  lines,  37 

quality  of,  16 

topographic,  13,  15 

veniral  angulation  in,  363 

wood  I  a  mi,  35 
Sleeping  batj;s,  850 
Slide  rule.  i()7 

u^e^  "f,  r(»S 
Sl..|).-  beard.   55 
SI'^ukIj.   127 
Smith,  (jlciin  S..  ib^ift.  792 

Leonard  S..  2b(),  493 

meridian  attachment.  785 

Lieut.  K.  S.,  493 

sketching-case,  i()()6 

Smithsf)nian     (ieographical    Tables, 
275,418,  596,  702 
Snake  biles,  860 
Sod-,  loth  for  tent,  8:6 
Solar,  adjustment  of  Burt,  782 

alidade,  Baldwin,  79217 
traversing  with,  7Q2 

attachment.  781;  to  alidate,  791 

Smith  meridian,  785 

azimuth,  api)roximate,  708 

day,  6S2;  time,  683 

latitude,  api)roximatc,  724  [^x^s 

time,  relations  of,  to  sidereal  and  civil, 


Solution  by  elimination,  615 
Solutions,  dereloping,  878 
Span,  value  of  the,  674 
Speaking  level-rods,  313 

level-rods,  precise,  336 

stadia  and  level-rods,  269 
Specht,  George  G.,  492,  493 
Special  scales,  166/ 

surveys,  7  [829 

Specifications  for  Sibley  tent-stoves. 

for  shelter-tent  poles.  824 

for  shelter-tents,  822 

for  wall-tent  poles,  822 

for  wall-tents  and  flies,  820        [744 
Speed  of  astronomic  determinations. 

of  base  measurement,  516 

in  leveling,  349,  351 

of  primary  traverse,  536 

of  primary  triangulation,  592 
Spherical  angles,  638 

angles,  corrected,  633 

excess.  619,  638 
Spheroidal  figure  of  earth,  constants 

depending  on,  672 
Spirit-level,  37,  63 

lines,  20 

precise.  327 
Spirit-leveling,  34,  306 

engineering.  308 

geodesic.  307 

precise,  307 
Spirit-levels,  22,  24 
Spit,  127 
Sprains,  861 
Square  measures,  interconversion  of 

Knglish,  674 
Stadia.  34,  55,  58.  63,  87,  93 

arc  attachment,  243 

distances    on    incline    reduced    to 
horizontal  by  diagram,  264,  2(><) 

elevations  from,  25S 

formula  with  inclined  sight,  246 

formula  with  perpendicular  sight, 
243^ 

hairs,  239 

measurement  on  horizontal,  244 

measurement  on  slope,  24S 

measures.  21 

measures,  determining  horizontal 
distances  from  inclined.  249 

measures,  differences  of  elevation 
from,  260 

measures,    effects    of     refraction 
on,  26b 

readings,    distances,    and     eleva- 
lions  from,  250 

readings,  elevations  from,  249 
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Stadia,  reduction  diagram,  359,  364, 
265.  266 
rods,  239,  269 
rods,  speaking,  270 
surveying,  238 
tachymetry  with,  238 
tachymetry,  accuracy  and  speed 

of,  240 
traverse,  22,  24,  237 
in  traverse,  196 
topography  with,  237 
Standard,  reduction  of  base  to,  517 

time,  683 
Star  factors,  A,  B,  C,  758 
or  planet,  culmination  of,  682 
projection,  410 
transit  of,  682 
Stars,  determination  of  apparent  de- 
clinations of,  741 
finding  the,  686 
lists  of,  731 

Safford's  Catalogue  of,  741 
State,   value   of    topographic   maps 

to,  6,  7,  8 
Station  adjustment,  610 
adjustment,  routine  of,  610 
error.  775 
marks,  575 
Stations,  astronomic,  34 

intervisabiliiy  of,    for   triangula- 

lion,  549 
triangulation,  platting  on   projec- 
tion, 436 
Statute  miles,  conversion  to  meters, 

676 
Steel  scales,  478 
Sieel  tapes,  501 

tapes  and  bars,  relative  merits  of, 

for  measurement  of  bases,  498 
tapes,  base  measurement  with,  500 
tapes,  for  measuring   in   primary 
traverse.  531 
Steinheil  heliotrope,  572 
Stereographic  projections,  407 
St.  L<juis,  survey  of,  104,  107 
Stops  to  lenses,  870 
Stove,  cooking  for  camp,  831 
Stoves,     specifications     for     Sibley 
tent,  829 
camp,  826 
Straight-edge,   manipulation   of,    in 

plane-tabling,  178 
Stretchers,  tape,  501 
Striding-level  on  alidade,  159 
Subsistence  of  survey  party  in  field, 

813 
Sufifocation,  859 


Sun.  parallax  of.  689 

tables  for  parallax  of,  691 
Surface  of  earth,  areas  of  quadri* 
laterals  on,  436 

forms,  representation  of,  by  relief, 
450 
Surgery,  veterinary,  849 
Surgical  advice,  861 
Survey  of  Baltimore,  64,  66,  67,  104, 

107 
Survey,  cadastral,  63,  103 

cadastral  of  city,  64 

of  canal  line,  topographic,  55 

city,  62 

cost   of    large-scale   topographic, 
67 

of  dam  site,  58,  61 

elements  of  a  topographic,  14 

exploratory  route,  88,  89 

field-work   of   photo-topographic, 
299 

geodetic,  68 

Hayden,  73,  75 

hypsometric,  68 

object  of  topographic,  5 

organization  of  field,  22 

plane,  68 

reservoir,  60 

of  reservoir  site,  contour,  59 

of  St.  Louis,  104,  107 

topographic  of  city,  64 

town  site,  62 

trigonometric,  20 

U.  S.  land.  40 

of  Washington,  63 

Wheeler,  73,  75 
Surveying,  economy  in  topographic, 
22 

Geological  Survey  method  of  topo- 
graphic, 20 

instruments,  automatic,  2Qia 

instruments  us«i  in  topographic,  21 

irregular,  93 

irregular  method  of  topographic, 
19 

methods  of  topographic,  18 

open-country,  23 

photographic,  292 

photographic,  cameras  for,  868 

uses  of  photography  in,  866 

plains,  33 

plane  and  topographic,  146 

plane-table,  147 

with  plane-table  and  camera  com- 
pared. 292 

with  range-finder,  28J 

regular  method  of  topographic,  19 
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Surveying,  speed  in  topographic,  22 

with  stadia,  238 

woodland,  33 
Surveyor's  chain,  value  of,  674 
Surveys,  cadastral,  2 

classes  of,  i 

comparison    of    exploratory    and 
geographic,  77 

cost  of  topographic,  40 

engineering,  2 

exploratory,  3,  76 

geodetic,  i 

geographic,  i,  4,  68 

information,  2,  3 

instrumental     methods    in     geo- 
graphic, 69 

methods  and  examples   of  explo- 
ratory, 82 

military,  92 

plane-tables   used   on   Geological 
and  Powell,  152 

prosecution  of  topographic,  5 

for  reservoirs,  57 

scale  and  cost  of  cadastral,  107 

scale  and  cost  of  geographic,  74,  75 

special,  7 

use  of  sextant  in  exploratory,  777 

topographic,  i,  3,  4 

traverse,  195 

United  States  public  land,  107 
Swamp,  125,  127 

Symbols,     miscellaneous,     conven- 
tional. 469 
Sy>tciiiatic  errors,  5S1 

Table    of    correlates,    formation   of,    I 

'"-^  ...  I 

<»f  correlat'-s.  substitution  in,  615     j 

traverse,  36 
Tables,  camp,  ^26 
Tachygraphometer,  2S0 
Tachynieter,  Wagner- F'ennel,  23o 
Tachymetry,  2 30 

accuracy  and  speed  of  with  stadia, 
240 

angular,  272 

with  stadia,  238 
Tarhynietry.  236 

Talc'tl's  method,  corrections  to  ob- 
servations for  iatituile  by.  73S 
Tangent-cone  projection,  414 
Tape.    34 

distances  with  linen,  22S 

lengths,  corrections  to,  in  primary 
traverse,  53:^ 

counting  on  primar\'  traverse,  535 

linen,  36 


Tape-Stretcher,  simple,  504 

for  use  on  railroads,  304 

stretchers,  501 
Tapemen  on  primary  traverse.  ^32 
Tapes,  base  measurement  with  steel, 
500 

for  measuring  in  primary  traverse, 

531 
steel,  501 

and   bars,  relative   merits  of,  for 
measurement  of  bases,  499 
Target  leveling-rods,  311 

stadia  and  level  rods,  269 
Teeple.  Jared,  493 
Telephoto  combination  lenses,  871 
Telescope,    astronomic    transit   and 
zenith,  726 
zenith,  723 
Telescopic  alidade,  21 

alidade,  adjustments  of,  Z58 
alidade  in     plane-table   traverse, 

200 
alidades,  156 
heliotropes,  570 
Temperature,  correction  of,  to  base 
measurement,  51S 
correction  for,  in  primary  traverse, 

538 
Tent-ditching  and  -flooring,  825 
Tent,  erecting  the.  825 

sod-cloth.  825 

stoves,   specifications    for  Siblev, 
829 
Tents,  S17 

A.  S19 

specifications    for    flies   and    wall, 
S20 
Tents,  specifications  for  shelter,  S22 

for  tropics.  S19 

wall,  Si3 
Tertiary    plane  table    triangulation, 

151' 
Theodolite,      angular      tachymetry 
with,  272 

direction,  555 

micrometer,  554 

small  exploratory,  163 

vernier,  554 
Theodolites,  76 

direction,  585 

for  primary  triangulation.  554 

repeating,  584,  586  [555 

of  r.  S.  ('oast  and  Geodetic  Survey, 

of  I'.  S.  Oeological  Survey,  556 
Thermometers,  503 
Thermomctrii  leveling,  402 
Thiery,  \\.   493 
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Tbree-arn)  protractor,  211 
Three-point  problem.  185,  600 

problem,  Bessel's  solution  of,  188 

problem,  coast  survey,  solution  of, 
iqo 

problem,  graphic  solution  of.  168 

proplem,    tracing-paper    solution 
of.  187 
Thumb-tacks.  177 
Thwaiie,  B.  Howarth,  886 
Tidal-fiat.  127 

Time,    approximate    determination 
of,  from  stars,  705 

approximate  from  sun,  703 

and  arc,  interconversion  of,  698 

comparison  of.  774 

diflferences,  determining.  749 

determination  of,  700 

estimates,  87 

Greenwich,  747 

interconversion  of,  695 

intervals,  relations  of,  695 

mean,  sidereal,  solar,  civil,  stand- 
ard, etc.,  683 

measurement  of  distances  by,  226 

by  meridian  transits,  703 

observations,  record  of,  754 

reduction  of,  752 

observing  for.  751 

relations  of  sidereal  to  right  ascen- 
sion and  hour  angle.  695 

relations  of   sidereal,    solar,    and 
civil.  695 

by  single  altitude.  702 
Tin  cones,  phase  in.  560 
Tittmann,  O.  II..  493 
Toilet  articles,  852 
Toning  photographs,  8S2 
Tools,  camp,  833 

Topographer,  attributes  of  a  skill- 
ful. 811 
Topographer,  instructions  to,  8 
Topographic  agencies,  no 

control,  13 

drawing,  449 

field-work,  instructions  as  to,  12 

forms,  72.  73,  120.  121 

forms,  classincaiion  of,  122 

forms,  glossary  of,  133 

forms,    origin    and    development 
of,  109 

J^ap,  5,  39.62,  109.  147 

map  of  Baltimore,  66,  107 

map.  completed,  31 

map.  construction  of,  from  photo- 
graphs. 303 

map,  correctness  of,  15 


Topographic    map     about    Cripple 

Creek,  85 
map  on  land  survey  control,  41 
map,  military,  100,  loi 
map  about  Pike's  Peak,  83 
map,  public  uses  of.  6 
map  of  Yosemiie  Park,  115 
maps,  accuracy  of,  9,  15 
maps,  accuracy  desirable  in,  8 
maps,  features  shown  on,  5 
maps,  scales  for,  447 
maps,  scale  of  detailed.  67 
maps,  value  of,  to  government,  6, 

7.8 
maps,  value  of,  to  State,  6,  7,  S 
and  plane  surveying,  146 
sketching.  13,  15 
sketching,  art  of,  40 
survey  of  canal  line.  55 
survey  for  canal  location,  52 
survey  of  city,  64 
survey,  cost  of,  40 
survey,  cost  of  large  scale,  67 
survey,  elements  of  a,  14 
survey,  object  of.  5 
surveying,  economy  in,  22 
surveying.      Geological     Survey, 

method  of.  20 
surveying,    instruments   used   in, 

21 
surveying,  irregular    method    of, 

19 

surveying,  methods  of,  18 

surveying,  regular  method  of,  19 

surveying,  speed  in,  22 

surveys,  i,  3,  4 

surveys,  prosecution  of,  5 

surveys  for   railway  location,  de* 
tailed,  49 
Topography,  military,  92 

optical  illusions  in  sketching,  44 

photographic,  296 

for  railroads,  48 

for  railway  location,  47 

reference  works  on,  490 

relation  of,  to  geology,  108 

with  stadia,  237 
Town  site  survey,  62 
Tracing-paper     solution     of    three- 
point  problem,  187 
Transit.  21,  52.  57.  87,  100 

adjustment  of.  203df 

angular  lachymetry  with,  272 

astronomic,  and  zenith  telescope, 
726 

constants,  752 

engineers,  203ft 
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Transit,  instrument  for  measuring 
primary  traverse,  531 
notes,  example  of,  207 
notes,  platting  with  latitudes  and 

departures,  211 
notes,    platting    with    protractor, 

209 
observations,  factors  for  reduction 

of.  758 
of  star  or  planet,  682 
traversing  with,  206 
Transitman    on    primary    traverse. 

Transits,  time  by  meridian,  703 
Transportation,  113,  114 

on    animals,    cooking    outfit   for, 

832 

of  camp  by  wagons,  836 

cost  of,  814 

by  men,  cooking  outfit  for,  833 

repairs,  848 

of  survey  parly  in  field,  813 
Traverse,  48,  64,  69 

adjustment  of,  202 

adjustment   of  primary,  to  astro- 
nomic positions,  542 

allowance  for  convergence  of  me- 
ridians in  primary,  539 

azimuth  on  primary,  535 

chain,  22 

computation  of  latitudes  and  lon- 
gitudes on  primary,  540 

coniputalion  of  primary,  538 

(:(»iilr(;l,  13 

corri-ctioii    for  check   azimuths   in 
primary,  5.39 

corrections  to  primary,  53S 

•■ost,    speed    and   accuracy  of    pri- 
niary.  53^) 

error  ofprimary.  4^7 

errors  in  primary,  5 28 

instructions  for  primary,  533 

instruments  used  in,  52() 

intersection  from.  202 

intersections  from,  24 

locations  from  j)lane-table,  26 

method  u{  running;   primary,  531 

odometer,  21,  22,  24 

paced.  21,  22,  2S 

jx'rmanent  marks  on,  532 

personm  I    of    party    on    primary, 

S3 1.  535 
plane-table,  (i.innett.  160 
with     plane-table     and     magnetic 

nerdle,   197 
primary,   34.  37 
for  primary  control,  527 


Traverse,   primary,  coanting  tape- 
lengths  on.  535 

permanent  marks  on,  535 

record  of  primary.  536 

record  and  reduction  of  primary, 
532 

roads  resulting  from  plane-table, 
26 

secondary.  35 

sheet,  24 

stadia.  22,  24 

with  stadia.  237 

surveys.  195 

table.  36,  70 

vertical  angulation  from,  367 
Traversing,  24 

by  plane-table  and  defiectwns,  200 

with  range-finder,  284 

with  sc>Iar  alidade,  792 

with  transit,  206 
Triangles,    right-angled,     formulas 
for  solution  of,  594 

solution  of  plane,  596 

solution  of,  with  slide  rule,  171 
Triangulation,  58,  63,  64,  69,  87,  95 

adjustment,  general  conditions  ap- 
plied to,  616 

adjustment,    local   conditions   ap- 
plied to,  616 

adjustment  of  traverse  to,  202 

astronomic  checks  on,  496 

control-sheet,  24 

tiiajjram  of  plane-table.  25 

error  of  primary,  496 

errors  in  \ertical,  370 

instruments  fur  primary,  553 

net.  inu 

observations,  record  of,  58S 

plane-table.  12.  23,  24 

primary.  37,  545 

primary,    accuracy    and    probable 
error  of.  553-592 

primary,  cost,  speed  and  accuracy 
of,  592 

primary,  f'lj^ures,  54S 

primary,      instructions     for     field- 
work  of,  590 

primary,  theodolite  for,  554 

reconnaissance  and    execution  (jf 
plane-table,  149 

reconnaissance  for  primary.  546 

reduction   of  primary   traverse  tu 
primary,  527 

secondary  plane-table,  150 

skeleton    scheme    of    plane-table. 
151 

signals,  559 
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Triangrulation,  signals,   transfer  of 
ends  of  base  to,  524 

stations,  intervisability  of,  549 

stations,    platting   on  projection, 
436 

from  tertiary  sketch  points,  151 
Trigonometric  control,  18 

functions,  594 

functions.  logarithms  of,  217 

functions,  natural.  275 

functions,  fundamental   formulas 

of,  594 

leveling,  359 

accuracy  of,  361 

computation  of.  368 

levels,  70 

methods,  76 

survey,  20 
Tropics,  care  of  health  in,  853 

fruit  in,  855 

tents  for,  819 
Tripods,  plane-table.  152 
Tripod  signals,  561 
Turning  points,  315,  321 
Turning-point    errors    in    leveling, 

342 
Twist    in   scaffolds,   errors  due    to, 

579 
Two-point  problem,  193 

Umlauff,  Friedrich.  406 
Underwear  for  camping,  851 
United  States  Isogenic  Chart  of,  221 
Using  the  slide-rule,  168 

Valley.  115 

Van  der  Grinfen's  projection,  413 

Van  Orden,  C.  H.,  325 

Van  Orniim,   J.    L.,  9,  241,   266,  493, 

494 
Varnish,  for  negatives,  881 
Variation,  secular  and  diurnal  mag- 
netic, 222 
Vernal  equinox,  6S1 
Verner,  Capt.  Willoughby,  94,  284 
Vernier  protractor,  211 

theodolites,  554 
Vertical  angle,  29 

anjjle  lines,  20,  22 

angle  sight-alidade,  161,  202 

angles.  49 

angulation,  39,  361 

angulation,  computation,  363 

angulation,  differences  of  altitude 
from,  364 

angulation  in  sketching.  363 

angulation  from  traverse,  367 

angulation,  control,  10 


Vertical    triangulation,    errors    in, 

370 
Veterinary  surgery,  849 
Volcanic  mountain,  123 
Volcanic  neck,  129 
Vulcanic  ejecta,  121 

intrusions,  121 

processes,  11 1 
Vulcanism.  112 
Wagner-tennell  lathymeter,  180 
Wagon  for  moving  ramp,  837 
Wainright,  D.  B.,491 
Wall-tent  with  fly,  818 

specifications  for,  820 
Walling,  Henry  F..  492,  494 
Water,  altitude  by  boiling-point  of, 
402 

color  for  representation  of,  464 

drinking,  855 
Water-gaps.  117,  119 
Washington,  survey  of,  63 
Weathering,  112 
Weighted  observations,  633 
Weighting.  633 
Weights,  603 

Weldon  range-finder,  286,  288 
Wellington,  A.  M.,  40,  44.  49,  494 
Wharton.  Capt.  W.  J.  L.,  8fO 
Wheel  measurement.  229 

revolutions,  counting,  232 
Wheeler.  Capt.  Geo.  M.,  9,  494 

map,  80 

survey,  73.  75 
Williamson.  Lieut. -Col.  R.  S.,  49A 
Williamson's  barometric  tables,  37^ 
Wilson.  H.  M..  494 

vertical  angle  sight-alidade,  161 
Wind-gaps,  iiq 

Winds,  effect  of.  on  leveling,  341 
Winslow,  Arthur.  249,  494 
Winston,  Isaac.  494 
Wires,  stadia,  239 
Wisner,  George  Y.,  810 
Witness  marks,  575 
Wood  for  fire.  830 
Wooden  tent-floor,  826 
Woodland  sketching,  35 

surveying,  33 
Woods,  color  for  representation  of, 

464 
Woodward,  R.  S.,  258,418,  494,  501 
578,  702.  810 

iced-bar  base-apparatus,  511 
Works     of    reference    on    geodesy 
and  astronomy,  8oq 

of  reference  on  topography,  490 
Wounds.  861 
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Wright.  T.  A.,  604,  810'  * 

on  probabilities.  614,  617 

Wye  level,  engineers',  510 
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Yard,  English  eqalrsletau  of,  67$" 

metric  equivalents  of.  675 
YoQOg  &  Sons,  solar.  781 

Zesltb^  681 


Zenith  distftwchs.  diffeteices  of*  IghT 
latitade.  795 

disutttes,  iMti^e  by  diffenmees 
of » '788 

distances.  ledpracal  at  two  sta- 
tions. 3160 


telescope.  723 
telescope  and 
726 


astfoaooik  transit. 
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